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A procedure to synthesize 2'-deoxyadenosine (and 
3'-deoxyadenosine) directly from adenosine was developed. 
This involved preparation of 9-(2,3-0-methoxyethylidene- 
B-D-ribofuranosyl)adenine followed by selective acetyla- 
tion of the S’=hydroxy!. Ortho ester hydrolysis of the 
resulting compound in acid afforded both 9-(3,5 ahs 
acety!-8-D-ribofuranosy!)adenine and 9-(2,5 cl SO acetyl = 
B-D-ribofuranosy!t)adenine, with the former predominating. 
This mixture was chlorinated at the respective free hyd- 
roxyl positions by treatment with thiony! chloride in hot 
pyridine. Subsequent reduction with tri-n-butyltin 
hydride, followed by deblocking, gave 2'-deoxyadenosine 
and a lesser amount of 3'-deoxyadenosine which were 
readily separated on a Dekker column [Dowex 1-X2 (OH )]. 
Although the overall yield was somewhat low, this method 
did give consitderably better yieids than existing tech- 
niques. A similar scheme with modifications in the 
blocking-deblocking procedures was used to prepare 2'- 
deoxy-3-0-methyladenosine trons -O>methy ladienosane:. 

A Serres: of 2° = cand 2) -0->sulfony | sand carboxylic 
esters of adenosine were synthesized to study their 
physical properties. The esters studied included: 
Methanesultonyl, benzyl sultony |, p=toluenesultonyl, p= 
nitrobenzenesulfonyl, p-aminobenzenesulfonyl, trifluoro- 


methanesulfonyl, p-methoxyphenylacetyl and p-methoxy- 
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benzoyl. In addition some properties of the 2'- and 3'- 
O-methyl and benzyl ethers of adenosine were investigated. 
Measurement of the ultra violet and circular dichroism 
Spectra of these compounds was useful in determining the 
extent of base, sugar-substituent overlap. It was found 
that only 2' aromatic sugar substituents have observable 
electronic interaction with the base in the series of 
compounds studied. Base, sugar-substituent overlap was 
also found to be dependent on the steric constraints of 
the sugar substituent. Acid-catalyzed hydrolysis of the 
base-glycosyl bond of these adenosine derivatives showed 

a remarkable enhancement of stability when electronegative 
Sugar substituents were present. This was especially 

true when the electronegative substituent was at the 2' 
position. Steric effects were found to have some effect 
on stabilization of the base-glycosyl bond in acid but base, 
Sugar-substituent overlap was shown to be insignificant 

in this stabilization. The nuclear magnetic resonance 

and mass spectra of these compounds also displayed in- 


teresting trends which are discussed. 


eae 


apeee 


hs a ates : Fray i Aedd ae tahoe, vi t4t Fy 
Beh ints shel tere. Peavd sees 9026 ave Peek” 
STdaltaees wHa® etreus: 7 24uy pele sie Urave ae 
90 setviw sv? ry Sead oe) A= LSbe were y hada 
raw aetrave in ne a008  Salvirte “oe 
To. wep? o> ptiad Sinese rats oo AGerwebt se.oy 2 thet? ani 
ont te Wketuene Wesldine=hiih) 4 ass 4 epee: SE 4 | 
keaedl ber Tue rsh ahictalge® (9es) So Rnd Ge Soe ee 7 ; 
dvinngucot is) 9 nea, (Phi teers Ja tore ete ated eee 
f01G\ veqaw (ban, @! ef duets ‘s Loe) Tae = 
te aia GA) wae Faw h adds 2y! “enwe ovr r+ 34), ike ee 
Paso oes biel BI OMSTe-)n2 ets = “y'<  \ eo ra a 
a ie rr el doko 
| : 


Jabei* tagtast Se) aww (Ss Yall e yo Soon) 1 T8eDE eae 
Sernenegs aie Aer aia jo) po? iss | (tdep ees) , a 
<8 Deva oe ht thie cba Qugpe ss ew eer hu! Ges Loge gyaer Wray 
: Ow ernst Waren » ORs, 14 hewene 


Bmore Oa Wr le ED EG TEEN TEN Bigs 


|! would like to offer my deepest thanks to the following: 


Professor Robins for his constant patience, guidance and 


encouragement. 


My lab associates for consultations and many happy memories. 


The many people of Spectra Services at the University of 


Alberta for cheerfully offered assistance. 

The National Research Council of Canada, The Province of 
Alberta and the University of Alberta for financial assist- 
ance during this research work. 


My parents and parents-in-law for constant encouragement. 


Last but certainly not least my wife Susan and son Ryan 


for toaeir loves 


io 
- 
: 
an 
. 
: 7 
*gaiweol 
, 


Pi ad 
i. 2 
i ni 
ew 


: 
oo 
* 7 
_ 
7 
S : c*. 
> - 
Lo ee 
fo an’ O27 
; _ 7 
sn ided yoas ate 
| ail 
_Dysougerudsm 
7 
& 
ip -¢ a 
weer on bee ete ter duend> 16° Yi ae ae0 - : 
: ; : . 
| oa 
iwi J i. A 5 1ge@o. +O = bagaqg ene ™ ° i. 4 
j : > 
> ; LAU ic 4? sreeela 
co] 
1 oh (Ab i Geena. &°9 16, 2 _ 
pare , 4 ieee a! le “errs: me: ait ret 
7 {= Fie 2 26 at- cet ay oad 7 


ak 


wise 


Lec Po \ M4 * 202159 8P8 Serer 


m Strida. ss ys! jrw yi iNievoss3 tpa @ & : 


‘ 
aye 1 vis 09 


. 
ee 
% 


9 


paw os Lee 0 F CeO PNP T Seen 


PAGE 

INTRODUCTION 

AV BRI EGE. HNSGORLCA Le LN GRODUCAL ON TO 

NG CLE O:Se) DiEsS Sik psig, poo tg tyete rots ee gakslc: suet ays av choked stats: ahays eles x | 

IN ERODUCTLON@U Os tress VN HES 1S 80 F 2 -DEOXKY 

NU CE BOS: DiS eer mege Rome: cere arc met usdegls (ols aohede pois ois Weusiieres seis se tek Ges h 

INTRODUCTION TO CIRCULAR DICHROISM OF 

NU GICEOS:) DiEtStiteuepemeven sei tep a oech ue uctatls toure s alierie us re sWsinel size. oi enak es acts VW] 

INTRODUCT VONMTLOS ACIDS CAWALY ZEDSHYDROLYS 1S 20F 

inHe, BASEaGRY GOS) TS BONDWORANUCGLEOSIDES2 3 feo. . 55 23 
DISCUSSION AND RESULTS 

SYNTHESTSSOR M22 DEOXYSADENOS INE SGCOMPOUND S225. 25. 30 

SYNTHESTS OF 25) AND 3" SSULPONY FE AND 

CARBOX YU TGRES PER SrcOl eADE NOS IN Eoscx. i. cete cs cus senses wens 40 

ULTRAVIOEET JANO SCURCUECARS@D VCHROUSM “SP ECGRRA 2. c5.-.5: 46 

ACID=CATALY ZED HYDROEYSIS 0 The BASE-GUYCOSYE 

BONO OLS OME AU ENO Site MOIERIVAT EME Siac nn usu smecl uelsieine 60 

KU ey RM ALE UUM lice Geeiry Cntr eee) Sey Sey Ores 8 Ge A Oreo es 69 

NU CC BARIMAG NET: Corres ONAN GE es PEC URA tron ceete a scse e. 76 
EXPERIMENTAL 

GENIE RAS are 0 Ct Wi eco concen se icuette rs ote cesarean atten sa cftcyo ke lol eta omelaatvo cs 81 

Ae ON NOME SE ts ek A OS Gee eic Menon Armd 6 0 Cee Bus Ga Goo onone 84 

Si Arlee a erehoica Mel cme ce (wai oaueie tts: ctiaMet eile catelber’> Gectsie fosehs dai aura te celh-eue ite 90 
ele Sea GS Ae ence 5 ee eed eon aoe a Om cE cy 145 
AE RIEIN DUAN sate oem etre isms ates, ch, bic us (Weber cremations caeee tae shevs<oneus lege 159 


S 
| ar ; _ 
wa: : , 
- 
7 

a - 
r 

— 7 

c t ' a of “ r 


7 «! 
oo Tan Gon? 
<i 7 ” 
ot Wr TOGO TM! AhPIANTety AREA 


220) 2959 2H 


« © ae « e 4 © ‘ a:* = 
aw ri a- () pat se (Po goth: 
oS 47au 
; PY, - 
iy. oe ALU? J YSPOGAT AT 
i) 
mel ian 
« , 
- é@a eT A | MIOCS TAS 
e r’ j 7a) | h i . f tee! 
+ - 
c ri 
| 'A ‘, yur) ! 7 
nm ' ' 4 
U i 
>, 7 ae 4) r 24 ®t maa) 
=f Yee > “MP i | hi OME J CIVARPoW 
; GA". ca ere tes ee CohYINtAG-ShIa , | 
> 
aif i/ f Aide oh te AS i 5 evn i 
* * co . - : \ 34, 
“« “ ART eG bay Le at ‘ eee aot 


7 
ray | RL Eee is 


a 
> 


< : ae , ae Fs TEAL! }J0Aq iid 2 
2 


aa ne anid - 

| ote 

7 ee | 
wes og S 


a aaaee 


TABLE 


Oe A Oe oe AS Teo elec 


Acid tydro lysis (Data on 2 sand ©3"-0) 


Substituted Adenosines 


My Nmr Data for Sugar Substituted 


Adenosine Derivatives 


Extinetion Coefficients at 254 nm of 


Sugar Substituted Adenosine Derivatives 


vil 


PAGE 


61 


Ue) 


89 


FqIGURE 


lee 


aes 


VAs 


est eae OF Fivlie Go UR SES 
DIES GR Pail. 
Commonly Occurring Nucleosides 
Selected Syntheses of 2'-Deoxy Nucleosides 


lIkehara's Synthesis of 2'-Deoxyadenosine 
from Adenosine 


Vectorial Representation of Optical 
Rotatory Dispersion and Circular 
Diehroisn Ef fects 


Typical Optical Rotatory Dispersion and 
Cigcullawm Dichroism, spectra 


Uleravirobetcand Circular Dichroism 
Interaction Possible with Two Chromophores 


Tortional Angie of Nucleosides 


Acid-Catalyzed Hydrolysis Mechanisms 
for the Base-Glycosyl! Bond 


Sy tie cis mote 103 0 =Metiy | 25.0 rivalry. |= 
B-D-ribofuranosyl)adenine (22 


Synthesis of 9-(2-Deoxy-3-O0-methyl-B- 
D-ribofuranosyl)adenine (24) 


Synthesis of 2'-Deoxyadenosine (10)and 
3'-Deoxyadenosine (31) 


Sy Bine SiS Oiseau lt onmy Es ters 201 922-0 
Methyladenosine (32) and 3'-0-Methy!- 
adenosine (17) 


9- (2-0-Benzy1-8-D-ribofuranosy])adenine 
(47) and Oiseau sbenzy lea De I bomuia nos yalr) i 
adenine (46) 


SyoehesishOmGanboxy lic bs terse f @2)0-0= 
Methyladenosine (32) and 3'-0-Methyl- 
adenosine (17) 


Girne lane Deh rou sims pec tial lO ee 2aes0 > 
Methyladenosine (32), 3'-O0-Methyladeno- 
sine (17), 9-(2'0-Benzyl-@-D-ribofurano- 
syl)adenine (47) and 9-(3-0-Benzyl~-g-D- 
ribofuranosyl)adenine (46) 7 


PAGE 


24 


31 


35 


37 


hy 


43 


4S 


4g 


4 


eeédon iso quesd*'S, ih Ssemlenye = oF 
oo 4% Gvcke22 '¢ a) ig sf re if 
© ; 1a) | f > ’ 
! 
1 
tes } { sae j mr) 2 } ‘ a 
TF Ai’ 's« i F 4 ‘ ; 
£ 3 i * a” ; 
2 1 
bab Wetter raqgnde v4 : 
aa 2 «as 1 j 
m2i4 ve ot 
, 
rear NH qo"! ri 4 ico 78% 
j ; j ' 
-fey 2) @ oe t tweed ' } aes 
ot v on 
bude j 
° ‘ 4 i 
=i “yj i aSye\ qj eS 2¢ iaesniaul 
" att °& Tent gy treet 28 
- a 
J ps t iq as - ) claedsmye 
rn St Vy Ma iv. . 
«fi~ *{ r ° ee hel Sees Aixsaye 
' jae is}. Sees oe] yaeen 
cht) or. 2t@hsee 
_ ‘Bs | uv “ 7 : « 
ap? nahed!y rte* me i ra iWaites>O> 4 p=. 


“((qepmete ts 


gia G-G=1e- 


? 


sp-6 <2) <@? = Sah 
#42)i s0r4a aly 


| seis 24 siyfomee 
a hee A 


=) 
7 


FIGURE 


16 


hoe 


19: 


20. 


ae 


DESCRIPTION PAGE 


Circular Dichroism Spectra of 9-(3-0- 

Nepean cor ch URUSE Oak Mane Sta) SOR ae 
D-ribofuranosyl)adenine (44), 9-(3-0- 
Methy1]- 2-0-methanesul fony!l-g-D- Te tke ox 
syl)adenine CV eB ae -~Methy1-3-O-methane- 
sulfonyl-6-D- Giecnu nes oe mine (35) 

and 9(2-0-Methy1-3-0- trifluoromethane- 
sulfonyl-B- D- ribofuranosy]) adenine (45) 5] 


Circular Dichroism Spectra of 9(3-0- 
Methyl-2-0-p-toluenesul fonyl-f-D-ribo- 
furanosly)adenine (2e)eee (3 UeMe thy 
2-O0-benzylsulfonyl-g-D-ribofuranosyl)- 
adenine (36), 9(2-0-Methy1-3-0-p-tolu- 

ae So ea eee Ds ribofuranosyl)adenine 

(Be) ado (2-0-Methyli-3-0-benzylsul tony 1- 

B- SD ribofuranosyl)adenine (Sh) 52 


CipctamechEotsm opectharot 9 (3-0- 

Methy b2 0 p-aminobenzenesu lf onyl—B-D- 
ribofuranosyl)adenine (42), 9(3-0- 7 
Met hy l—2-0-p- Wus@liieees ean een oe 
ribofuranosyl) adenine (LOGI 220-9 ee 
Methnyl—3-0-p-— Srnobo ne neni oer ae 
ribofuranosyl)adenine (43 and 9( 
Methy1-3-O-p-nitrobenzenesulfony1-§8 
ribofuranosyl)adenine (41) 55 


WD 
' 


ie) 
t 
1|oO 
Ilo silo 


Cire tal OucHhOrsmms pechta Ot) 9\ 30 
heen Oop aco luenestulrony | 2 >—De 
ribofuranosyl)adenine (8.0) anes oe = 
Meta ai a0 Dee aminobenzenesul fonyl-8-D- 
ribofuranosyl)adenine (42) at pH = 6.2 
andpHm="sleal. 56 


Cie lage Dachio hsm Spee tral ourI 3. 0-p= 
Methoxybenzoydie7 (One thy lobo Ds ribofurano- 
syl)adenine (51), 9(2-0-p-Methoxybenzoyl- 
3-O-methyl-B8- ae sac one avn ealowiine (50) 

9 (2-0-p-Methoxyphenylacety1-3-0- methyl- 

B- D-ribofuranosyl)adenine (48) and 9(3-0- 
p-Methoxyphenylacetyl-2-0-methy1-8-D- 
ribofuranosyl])adenine (49) 58 


Acid-Catalyzed Hydrolysis of 9(3-0- 
Methyl-2-0-trifluoromethanesul fonyl-8-D~ 
ribofuranosyl)adenine (44) 66 


ey” ban ae 7 
eek ek rer eT crs neh eres tt 


: =fes ye ot we gnét3 eeaiewl® )17-0>' vf 2 
: Segre 8 é £800 anh abet Onsen ea 8! ieee 
LOE  ° hoapiaae teen tebe eee ieseen oS “Soke 


' aX Aca . at an a oo 
~ea2 +7 i=-O~¢ ~ i (BIA T= BIR Bt Le} 4 r ewe live. 


y fi += f< ‘iap 
' ae aaradhotiy fons polesis—a-s lee : 
: ‘ ," Thee © . aw ft « a ! @ 
; 7 =n Peo GB i ay ok fier By ” 
7 co i os - 
. i’ tz er iisee \ 7 be & p= Til rodia Se 1 ue 
es > : ; 
“<4 tna mis doy ‘wPreg 
: =S ey pA ! afOsrh veda! 
-% ye se) ) j ‘ f a5 | 8 Ae Ti 
7 x” 
: # vat ey ~IqnarTty d Pa 
at if 7 F bh¢ i" 4 fi 
t Lent { J 1 «Le | } | Bs . 
‘ 
= | val ¢ aby s a E iz i ‘ ' 
’ - ru ‘ . ray i : 
{ ¢ n Tew iA | | ~*~ | 
~~ et 4 - - ¢ 4-4 + 
: ’ t 2 : { a 
oT pa 1 ’ pity 
i : ara . 
maf) FA Gg Pl , ‘ 
i q irr é . i f t A \ = 
Pe . 20.8 ) 
4 (= Ay { fr' j j ; i; 
1 = ay i ew xy 4 
c ie ¥ } osu ; 
= G4} } Lr i493 (re ir i a oe ee + ‘uo? 
ii « { ‘ { A ij : ; 
si ; Oy, “ ‘ i wed y : 
\ y= (eure bonadg 7 ace Qhed! peaar Y ‘vga 
ae tei a 
& > te af cig) ssn webb Syece cu techs 
- "4 T : ; 
ta ; P.M 
e.,é oa ; 
i 
— : = s/c Kean >? thw te ¢) 4aPusitto 
Zs 7 7 PAG Vie be [> st = @ Gi. a ¢ bwigen ‘2 
7 «lve iacyaurnie": ert) Pa a ty! es 


SEE apg ey Seki todiee TE = 8): 
- a © teat an G- ae ed Eye mal enaavecnont 36 ATE 

7 ~y-¥¥E fogs ots bell Abetgungners Veal Giasl 
7 Seu -t> 2) as Taki akny ting 


mar Aone area . 


” 
4 ov iw -" 
7 i ‘ 


‘ 
Ciud 


7 7 


FIGURE DESCR Ural WON PAGE 


Mae fs Acid-Catalyzed Hydrolysis of 9(2-0- 
Methvalos—0strifluoromethanestltonyi = 
P-thotulanosy l)adenine (45) 67 
2.9% Proposed Formation of Mass Spectral 

Fragments c, x and h 70 
24. Proposed Formation of Mass Spectral 

Fragments d, e, f and i 73 


‘ - — : - - 
| >, 2ogae - wereannagge 
i. i) Se Vee : ; 

oT j= . D a te é ras oy if ; 45 ¥ | " if. a 


Ms ae ole itd 
~ Cae? | Sac eetlleee nettle eft | 
’ ’ ~ J oie b> 
3 | Pay ited Kyee rer oa ser teen 
, “yaa “op neiseiRe? ScbeRiet? wf 


A. Wea’ s Gt 2705 a4 


Peele ae On USC loan 


A BREED HS DOR LEAL INTRODUCTION TO NUCBEOS IDES 


In 1871 F. Miescher isolated a material which 
he called nuclein, from pus cells (obtained from dis- 
carded surgical bandages). Altman : first introduced 
the term "nucleic acid" in 1889 when he successfully 
isolated nucleic acids from a number of materials. In 
1891, Kossel 3 reported the first results of hydrolyses 
of nucleic acids. This led to the identification and 
synthesis of the five major naturally occurring hetero- 
cyclic bases by Kossel, Fischer, Traube and Steudel at 
the beginning of the twentieth caus These are, 
in the case”of-ribonucteic acid (RNA), the purines, 
adenine (1) and guanine (2) and the pyrimidines, 
cytosine (3) and uracil (5). tn deoxyribonucleic acid 
(DNA) the same major bases occur with the exception of 
uracil which is replaced by thymine (4). 

The term nucleoside was introduced by Levene and 
Jacobs 7 to designate the purine-carbohydrate deriva- 
tives isolated from alkaline hydrolysis of yeast ribo- 
nucleiceactid. — his term Ss now commonly Used sto des— 
Cri bevasheternocyclic¢ ‘base attached to the Gly posi tion 
of a sugar. 

Although in his earlier work Kossel suggested 


that acidic hydrolysis of RNA liberated a carbohydrate 
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derivative, it was not until many years later that Levene 
6 ‘ , , 

and Jacobs corheculy chatacter (zed atas Dor 1 bose. 

Still later Levene and Mori identified the sugar present 


in DNA / 


as*2-deoxy-D~ribese. Levene “and Tipson 8 Suip= 
sequently identified the furanosyl structure of the 
ribose moiety using methylation studies. 

The position of attachment of the heterocyclic 
base to the sugar was established by ultraviolet spectral 
comparisons ay and TuUrther cont vrmed spy Todd: “and 
coworkers Ua by comparison of products resulting from 
periodate oxidation of natural and synthetic compounds. 


13 


Later Todd and coworkers also identified the configura- 
tion-=or base attachment to the suganwas beta: (2). 

Thus the commonly occurring nucleosides found in 
RNA are 9={B=D-ribofuranosy! )adenine (adenosine (6)), 
9-(6-D-ribofuranosy!) guanine (guanos [nen (/) Re 124 6c0- 
ribofuranosyl)uracil (uridine (9)) and 1-(8-D-ribofurano- 
syl)cytosine (cytidine (8)). In DNA they are 9-(2-deoxy- 
B-D-ribofuranosy1!)adenine (2'-deoxyadenosine (10)), 
9- (2-deoxy-B-D-ribofuranosyl)guanine (2'-deoxyguanosine 
(Clin) GW (2-deoxy-68"D-rTibofuranosyl))cytosine (2!-deoxy- 
Cyuldine | U2) ands ll (2-deoxy-sp-D-nmibofturanosy l)thymine 
(chymidunem(1 39!) 

The foregoing material has been the subject of 


4 : 14-20 
several extensive reviews. 
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INTRODUCTION SLO THES SYNTHESIS O0F 2e=DEOXYONUCTEOSIDES 


Initial attempts to carry out base-sugar coupling 
reactions to prepare 2'-deoxynucleosides met with failure 
duestouthe extreme lability Of the poly-0-acy 1-2 -deoxy— 
glycosyl halides. 

The first workers to successfully prepare 2'-de- 


oxynucleosides in acoupling reaction used Z-de0xy -D=fibo— 


furanosyl chloride stabilized by protection with para 


l22 


substituted benzoyl blocking aera 6 They used the 


2324 


mercury salt coupling procedure which had been 


developed for the synthesis of ribonucleosides. Hoffer 


and coworkers hot 


used p-chloro-(14) or p-methyl— 
benzoyl-2-deoxy-D-ribosyl chloride (15) and obtained 
good yields of a and 8 anomeric deoxynucleosides of 
thymine, 5-fluorouracil and cytosine (using Neace ty! 
protected cytosine). (See method A, Figure 2). Ness 
and Fletcher ee successfully prepared a and 8 anomers 
of 2'-deoxyadenosine in low yields, after deblocking, by 
coupling the chloromercuri derivative of 6-benzamido- 
pPuninerwith wpcniitrobenzoy!=2-deoxy-D-ribosyt chloride 
GlGjem cemmetnodeb art guinem2):. 

These first studies were followed by a series of 
publications by other workers who used similar proced- 
Wetec Later authors modified the above procedure 


by using trimethylsilyl derivatives of bases rather than 
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Figure 


14 R=p-ClCgH,CO— 
13 R= p-CH3CsH,CO — 
i6 R= P-NO»CEHCO — 
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mercury salts to prepare 2'-deoxynucleosides. This method 
was systematically studied by Nishimura 32,33 lireyg Steak eek 
nucleosides and was used widely in later publications 


34-4] 


for preparation of 2'-deoxy derivatives. Other 


authors used bases with the cyclic amide carbonyls pro- 


pak as Hilbert and 


tected as lactim ether groups 
Johnson had first developed in their classical coupling 
recta rane Still others fused totally acetylated 2'- 
deoxysugars, rather than glycosyl halides, with suitably 


45-48 


protected bases. This procedure was developed by 


4g 


a number of Japanese investigators for ribonucleosides 


and was first applied to the synthesis of 2'-deoxynucleo- 
sides by Robins and RObincHee 

All of the above techniques suffer from the fact 
that both a@ and 8B anomers are formed and must be separated. 
in stne case of —2-0racyl (substituted sugars Baker, ate noted 
that condensation reactions of glycosyl halides with 
metal salts of purine or pyrimidine bases gave nucleosidic 
Peoductsmnavitiquon ly Chest hanswo- | a. 80-2 configuration 
Thus one product results from these condensations. This 


50,51 


has been explained in terms of neighbouring group 
Pal iorupatton by sther2-O-acyiegrouplotmethe qiycosy| 
halide. 
52 
Recently Bardos and coworkers have attempted to 


Controls thesanomeric ratio Using the pure G=anomer or 142 


Reaction conditions allowing rapid removal of the tri- 
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methylsilyl chloride formed in the reaction (using tri- 
methylsilylated base) led to the B-anomer as the only 
isolatable nucleosidic product, whereas, continued pre- 
sence of the trimethylsilyl chloride favoured the forma- 
tion of the a-anomer. 

Also Ryan, Acton and Goodman 23 have successfully 
synthesized 2'-alkylthiopurine nucleosides using alkyl 
l=thio=a-D-arabinofuranosinde as the sugar precursor. 
This reaction was thought to proceed through an episul- 


54 


ronium von whien tonms: between) C=) andVC=2. Trip has 
recently modified the coupling procedure and reduced the 
alkylthio group to successfully prepare some 2'-deoxy 
nucleosides. However, he found that the final step, 
reductive removal of the alkylthio group, severely 
limited the yield using this procedure. 

Rather than using a coupling technique, many 
workers have attempted to modify preformed nucleosides 
to form 2'-deoxy nucleosides. Todd and coworkers 99 
reported the first synthesis of a pyrimidine 2'-deoxy- 
nucleoside. These workers found that treatment of 5'- 
Osacetyi-2-O-p-toluenesulyonyiur tdine swith sod ium 
iodide in acetonylacetone gave the 2'-iodo derivative 
which after hydrogenation and deacylation gave 2'-deoxy- 
uridine. They showed that the reaction went through an 


Of. cainydropycimidinesdemivati Ve.) Uhere atollowed 


several papers using anhydropyrimidine derivatives to 
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synthesize pyrimidine 2'-deoxynucleosides. 


Holy 59-61 


has employed Our 2'-anhydropyrimidine 
nucleosides, building up these compounds from sugar 
amino-oxazolines ina procedure originally developed by 
Sanchez and Geeeume. He then proceeded using known 
reactions to the 2'-chloro products which he reduced 
Withwt Gienebuey bein hydride: 

Syntheses of purine 2'-deoxynucleosides are much 
more difficult and generally give very low yields. 


63,64 synthesized 8-2'-anhydro- 


tkehara and coworkers 
8-mercaptopurine derivatives via the 8-bromo compounds 
(see Figure 3). These could be desulfurized with Raney 
nickel to give the corresponding 2'-deoxynucleosides. 
This procedure was long and proceeded in poor overall 
yield (2'-deoxyadenosine from adenosine in ~2% overall 
yield). Again, the final reductive desulfurization 
proceeded in a tow 33% yield. 


65,66 


Both Robins and coworkers and eM Ommimeat Gand 


67 


coworkers have prepared purine 2'-halonucleosides 
which can be reduced to 2'-deoxynucleosides, but the 
2 -halo demivataves are only minotaproductes (3.°-halo 
derivatives predominate). In a long and extensive pro- 


66-70 


cedure by Goodman and coworkers 2'-deoxyadenosine 
Was eoyiuneomezed strom 3 ~deoxy=3. "ethyl thio-9=p-D=%y 10> 
furanosyladenine. Migration of the 3'-ethylthio residue 
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Vieldesdia 20 -erhyi thio-3"-chloro derivative. Hydrolysis 
and subsequent desulfurization gave mixtures of 2'- and 
3'-deoxyadenosine with the 2' isomer predominating. 
Goodman i> again found that desulfurization in the final 
step drastically reduced the already small overall yields. 
To summarize then, in the case of pyrimidine nucleo- 
sides, reaction through the 0*,2'-anhydropyrimidine 
derivatives yields the corresponding 2'-deoxypyrimidines 
in good yields. There is as yet, however, no correspond- 
ing transformation (that proceeds in good yield ) avail- 


able in the purine nucleoside series. 
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INTRODUCTION TO CIRCULAR DICHROISM OF NUCLEOSIDES 


To consider the phenomenological basis of circular 
direhnroism (cd) ft 1s mecessary to first consider optical 
rotatory dispersion, (ord). Specific rotation (al, 
especially at the wavelength of the sodium D line (589 
nm), has long been used to identify and help establish 
the configuration of optically active compounds. Histori- 


cally the equation used for specific rotation is: 
t 
[a], = sax 100/)ax. cy 


where a is the observed rotation in degrees, t is the 
temperature, A is the wavelength at which the rotation 

is measured, 1 is the light path length through the solu- 
tion in decimeters ana c' is the concentration in grams 
per 100 ml of solution. A more recent expression which 


incorporates molecular weight is the molar rotation [6]: 


[¢], = [a], x M/100 


where M is the molecular weight of the solute. 

lt is remarkable that over the years specific 
rotation has been so useful, since it was limited to only 
a few wavelengths at most. Ord is simply the dependence 
OF lo lonetihe: wavelengqtheot Nights. Thus, pust eas ia) “or 
[ojs are. aemeasure: of the specific rotation of the plane 


of polarized light at one wavelength, ord is a measure 
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over a large range of wavelengths. 

Monochromatic plane polarized light is a special 
type of polarization in which a left circularly polarized 
component (EI) and a right circularly polarized component 
(Er) have opposite rotation senses but the same ampli- 
tude. If plane polarized light passes through an optically 
active medium El and Er pass throughat different veloci- 
ties depending on the circular birefringence (n, = ne) 
exhibited by the medium. This leads to a change of phase 
correlationvand ‘results in a rotation [a] of the plane of 
polarization. 

If the optically active molecule has a chromophore 
neanethe optically active center a new effect appears. 
Most chromophores are optically inactive themselves be- 
Cause Of theinetestructune (usually planar). if the 
chromophore fs celose to an optically active center, the 
dissymmetry of the environment causes a difference in the 
absorption of Et and Er depending on the circular di- 
chroism (k, = kK) exhibited by the compound. This causes 
a change -in relative amplitude as well as velocity of 
the circularly polarized components and produces a wave 
whieh Ws elliptically: polarized. 

In the vicinity of a chromophore, a compound ex- 
hiibi tseathesrcombinationeot curcular birefringence, (ord) cand 
circular dichroism (cd) and besides rotating the plane 


of polarization by angle a, the linear plane of polarized 
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light becomes elliptical. The angle of ellipticity (y) 
is defined as the arc-tangent of the ratio of minor to 
major axis of the elliptical vibration. (See Figure 4). 
In the region of the chromophore, the ord exhibits 
an ''anamolous dispersion'' which is now called the Cotton 


Woe 


effect after its discoverer. ihMatests. sim thevcase 
of a positive Cotton effect the ord has a positive 
optical rotation at longer wavelength values and a nega- 
tive rotation at shorter wavelengths. The crossover 
point, in the ideal case of an electronic transition well 
separated from all others, is at the ultraviolet (uv) 
absorption maximum. A negative Cotton effect has the 
opposite configuration (i.e. negative rotation at longer 
wavelength and positive at shorter wavelength). 
Corresponding to the positive and negative Cotton 
effect in ord is a positive and negative (respectively) 
cd. This is a measure of the difference in absorbance 
of £1 and Er and so can only occur in the region of a 
chromophore. Again in the ideal case, the maximum in 
the cd curve is at the same wavelength as the uv maximum. 
(See Figure 5. ). 
Cd is usually expressed as the molar coefficient 
of dichrore absorption (de), where ky and Ke (the absorp- 
tion indices) can be replaced by the molar extinction 


coefficients ey and ey by the relationship: 
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t ins 
a= A (n)- Np) We X (ki> kp) 
n(kj) are refractive (absorption) indices for 


left circularly polarized light 
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AT 
where cmisttherconcentrattion of the absorbing *solutecin 
moles perslitertand \ is in centimeters. Another CAPES = 


Son Onteneused’ tor describe cd isimolar tel liptheity i) : 
[¢] = 3300 de 


Ord was used more frequently in earlier literature 
because of the experimental difficulties involved in 
measuring cd. It was not until 1967 that commercial in- 
struments sensitive enough to measure the cd of nucleo- 
sides were available. The cd of nucleosides are especi- 
ally difficult to determine since they have very large 
extinction coefficients and low optical rotations, re- 
sulting etn tatsmal] “signal to nolsecratio. With improve- 
ments in instrumentation cd has become increasingly 
popular due to its more simple spectral characteristics 
relative to ord. This is especially true for complex 
spectra (nucleosides) where there are many overlapping 
transitions and multiple Cotton effects. The above 
material is thoroughly reviewed in several sone coma an 2 

In cases involving interaction of two chromophores, 
the uv and cd spectra can become more complex. The type 
of effects noted can be divided into two main groups. 
Miethhnsteuype of ef fect iis exciton coupl tng] This as a 


resonance effect between chromophores. Exciton coupling 
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can be further divided into cases of strong coupling and 
weak coupling. In both cases the theory has been derived 
assuming identical chromophores and then applying the re- 
sulting equations to non-identical chromophores. Exciton 
coupling results in complete splitting of the uv band, 
with retention of overall intensity, into two separate 
Dandssinsthe case on strong exciton coup! ing. In weak 
exciton coupling (more applicable to polynucleotides) 

the uv band is broadened with retention of intensity. 

In each case the resulting cd is conservative. A nega- 
tive and positive cd result, which when integrated and 
added together equal zero. The cd bands formed corres- 
pond toOutheespliteuve band. 

The second major case is a more generally observed 
effect when two chromophores interact. in this nonreson- 
ant case, the interaction between two chromophores is 
simply the Coulomb interaction between their electrons. 
Small changes occur in the excited states due to the 
polarization of the neighbouring chromophore by incident 
light. A polarized neighbouring chromophore creates a 
field,at the chromophore being considered, which adds to 
the incident. elect ric® field. » thus»: for this, chromophore 
the polarizability of the environment is anisotropic 
since the neighbouring chromophore lies in one direction 
whereas the solvent molecules lie in the other direction. 


This anisotropic polarization modifies the absorbance of 
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the primary chromophore, giving hypochromism (decrease in 
eee o) One tee T tramsi trons (horizontal orepatal leusto 
the plane of the base) and hyperchromism (increase in € 
max) fOr nis 1 teansttions: (Vertical om perpendicular to 
the plane of the base). 

The analogous effect occurs in the cd of stacked 
chromophores. lnpethespolarizabilitiess dither tor i lasand 
EF, there will?beeditferent hypochromism erfects for the 
two polarizations giving rise to a nonconservative (non 
zero when integrated) cd. (See Figure 6). 

These uv and cd effects (in the second major case) 
can occur for identical as well as for nonidentical 
neighbouring chromophores and are in no way related to 
resonance energy transfer. A more complete discussion of 
these effects appears in several reveal 

Cd spectra are also influenced by other changes in 
the molecule. One example is a change in the chromophore 
due to either an actual chemical modification or ioniza- 


URSIN) 


tion which will often markedly affect the cd spect- 


rum (and the uv spectrum). Another effect that must be 
considered is overlapping of cd curves due to more than 
one sehromophore or multiple transitions in a single 
chromophore. In adenine, for example, the tT > r tira 
Sitions are thought to, occur at ~260 nm, ~240 nm cand 


~220 ee In addition there are several possible n * T 
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Crans wc vons 81 which could also contribute to the over- 


all cd spectrum. 
Another source of modification of the cd effect is 
variation in sugar conformation and especially variation 


19 


in the torsional angle (Xey)- The torsional angle is 
defined as the angle between the plane of the base (speci- 
Picatly tne N=seofea purine or the 2 ‘carbonyl of a pyrimi= 
dine base) and the plane of the Col etow ring Eoxygen wor the 
sugar. If this angle is between 290° to 110°, the base 

iS Said to be ingthe syn conformation and if the angle is 
between 110° to 290°, the base is said to be in the anti 


83 


Pon arma o amos (See Figure 7). Sundaralingam defines 
the torsional angle Xen 35 antiowhengin the range 0° + 90° 
and syn as in the range 180° + 90°. Donahue and 
Trueblood oH defined torsional angle (don in their case) 
with a positive rotation from 0° to 180° clockwise and a 
negative rotation from 0° to 180° counterclockwise. The 
effect of this angle on the cd curve magnitude and sign 
for adenine nucleosides has recently been studied by 
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Bush. It has also been shown that restricted rotation 


of the base (in arabinofuranosy] compounds for example) 
causes an enhancement of the cd Sage ee! 


Besides the above effects causing changes in the 
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cde solvent, concentration, temperature, and salt 


effects can aiso affect the cd spectrum. Thus detailed 
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quantitative: interpretation of a cd spectrum is often dif- 
Ficult if not impossible but a qualitative investigation 


of a cd spectrum can yield valuable structural information. 
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A tong time period elapsed between Kossel's early 
acid hydrolyses of nucleic acids and the commencement of 
Studres “on the, mechanism of hydrolysis of jthe glycosidic 
bond. (This introduction will be limited to the acid- 
catalyzed hydrolysis of this bond). 

The first mechanism for this reaction was proposed 


by Kenner 30 and nee ere an 


These workers suggested that 
the ring oxygen was protonated first, followed by transi- 
ent formation of an unstable cationic Schiff base and 
subsequent hydrolysis. (See Figure 8, Mechanism A). 
Dekker 31 proposed that if the heterocyclic base could be 
protonated elsewhere, the ease of proton transfer to the 
Sugar oxygen was an important factor. This explanation 
of the mechanism was based, in part, on the acid solvoly- 
sis of the simpler HMCaSv INTERES. oe 
Later workers, studying a variety of purine and 
pyrimidine nucleosides, showed that the mechanism of 
hydrolysis could be better explained by invoking an Al 
930) 


mechanism. (See Figure 8, Mechanism B). These 
later workers proposed mono (and/or di) protonation of 
the base followed by base-sugar cleavage involving 


bamticipartions by the ring, Oxygen as the nate determining 


Stepeandetinally Nydrolysis sot sthe, sugar mMoLery. 
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Very recently, however, Cadet and Teoule B02 have 
reported that acid hydrolysis of thymidine and 2'-deoxy- 
uridine results in formation of @ and 8 furanosides and 
Ppyranosides. This can best be explained by reclosure of 
intermediates involved in the Kenner and Dekker mechan- 
isms They also studted the acid hydrolysis of 5-bromo=- 
2'-deoxyuridine and 2'-deoxycytidine but found only 
GUREUReEORMthesNeglycosidicibondain harmony with the Al 
process (Mechanism B). 

It is not surprising that with the vast variety of 
base structures, conditions of hydrolysis and different 
pKa's (adenosine, 3.45; cytidine, 4.22; guanosine, 1.6; 
uridine, ~0) that one mechanism of acid hydrolysis doesn't 
hold for all nucleosides. To date, in the case of purines, 
all hydrolyses can be satisfactorily accommodated by the 
Al mechani nitce meee 

The relative stability of the glycosyl linkage towards 
acid is dependent on a variety of parameters. In general 
the stability of the glycosyl linkage in acid is in the 
order uracil (or thymine) > cytosine > adenine > guanine. 
In general purine nucleosides are much more reactive than 
pyrimidine WUeliens ideshece 

Phosphorylation of the sugar (nucleotides) tends to 
stabilize the glycosyl linkage toward acid hydrolysis. 
Shapiro and Chargaff have shown that thymidine 5'-phos- 
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phate is more stable than thymidine under acid conditions. 
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They also noted that thymidine-3!',5'-diphosphate was even 
more stable under similar conditions. Studies of the 
stabilities in acid solution of 3',5'-cyclic phosphates 
of purine nucleosides and of their corresponding nucleo- 
side 5'-phosphates reveal that the former are remarkably 
resistant to glycosyl cleavage compared to the latter. 
in the case of pyrimidine nucleoside 3',5'-cyclic phos- 
phates (especially for uridine and thymidine), however, 
it was found that their 5'-nucleotides were more stable 
in sjoiy Vee 
Montgomery and Thomas found that anomeric configura- 
tion in the case of adenine nucleosides (a or 8) had 
only a slight affect on their stabilities in peice 
Leonard and Laursen found that the position of attachment 
of the base (adenine) to the anomeric position of the Sugar 
affected the derivative's Saestipa tue Adenosine was 
more stable to acidic hydrolysis conditions than 3-8-D- 
ribofuranosyladenine. Townsend and coworkers Wel 
after studying the acid-catalyzed hydrolysis of several] 
7-8-O-ribofuranosylpurines and 9-8-D-ribofuranosylpur- 
ines, found that the 7 isomer hydrolyzed faster than the 
G9 isomer (with the exception of guanine dea ere ene 
Chemical tonization mass spectrometry Use showed similar 


results when the relative glycosyl bond strengths of 7- 


and 9-B8-D-ribofuranosy |lpurines were compared. 
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Modification of cytidine through base N-acylation|!! 


destabilized the nucleoside toward acidic hydrolysis. 
Base methylation of guanosine resulted in only small dif- 
ferences im ‘the acid stability in’ weakly acidic solu= 
dilonshee 
in) the study of the> acid stability hydrolysis ofa 
large variety of adenine nucleosides, Garrett found that 
the stability of the nucleoside increased with the 
increasing number of hydroxyl groups in the Saeces 
the most important sugar hydroxyl was the 2'-OH, with 
adenosine 1000 times as stable as 2'-deoxyadenosine. The 
effect was independent of the aglycone (base) 22>! 12-113 
The 3'-OH had a 5 to 7 fold stabilizing effect (when 
adenosine and 3'-deoxyadenosine were compared). Finally 
Garrett found that 2',3'-dideoxyadenosine solvolyzed 
3 to 4 times faster than 2'-deoxyadenosine under identi- 
cal conditions. Zoltewicz and coworkers attributed 
the stabilization of nucleosides by hydroxyl groups to 
an inductive effect which stabilizes the C-N bond against 


Us 37 Suggested that the hydroxyl 


A | Po eae eae Garrett 
groups may compete as proton acceptor sites for the 
approaching hydrogen ion and by coulombic effects repel 
thesta btackwate them react ones | ter In the same paper 
Garrett found that sugar configurational changes (ribo- 


side, arabinoside, and xyloside of adenine) had small 
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was ''down'' compared to adenine there was some stabiliza- 
tion. Also, base substitution effects (specifically 
methylation) gave only small changes in agreement with 
the results of Zoltewicz and ee ee The slightly 
enhanced stability observed for 2'-O-methyl adenosine 

was attributed to two SSNS SBIOEUS by Poeer sce He 
reasoned that either it was due to a steric effect (hind- 
ering solvation of the developing carbonium ion) or to 
thes fact) that «2 -O-methyl sadenosine couldenot. hydrogen 
bond with the base as a 2'-0OH could. This hydrogen bond- 
ing might then reduce the inductive withdrawing effect 


Ofothe:2 “OH (as compared to the 2)-0CH.). Reese and 


3 
COWOT Kens dso mOtlcea enhanced Stabill tyeofs both 2.202 
Hetny eacenos imemand J-Ormethy ls adenosine spe lacive sto 
adenosine in cytes te Using their hydrolysis conditions 
(1.0 N HCl at 41°), they found a considerable improvement 
iiebhe mMahtolifterstabidiuty for 2) -0-methy Woadenos ine 
(19.6 h) and a lesser improvement for 3'-O-methyl adeno- 
sine (l2eo6 hh), companed with adenosine (7.9 h)e 

Besides the stabilization of phosphates already 
mentioned, several authors have noticed the great stabil- 
ity of certain sugar substituted nucleosides. Michelson 
nOtLedeennancedmestability exhi bi tedeby sO sace ty li=2/s-deoxy- 


Us ee 


guanosine. Brown and coworkers noted that the 3° ,5/- 
O-diacety| derivative of 2°-0-p-toluenesul fony! vadenosine 


was deacylated without glycosyl cleavage when treated with 
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1 
refluxing methanolic HC? for |2 h: me Ulbricht reported 


that 2) -0-p-=nitrobenzenesul fonylicadenosine was, stable 
under conditions which hydrolyzed sion ino a Ikehara 
noted improved “acid Stability with 3° >0-p-nitrobenzene- 
sulfonyladenosine and attributed it to interaction bet- 
ween the sugar substituent and the sperms 

Several workers have made use of the acid stabiliza- 
tion effect of certain sugar substituents to perform 
reactions employing acidic conditions under which an un- 
protected nucleoside would not survive. The reaction by 
paNe aie with 2Ze-O-p=toluenesul fonylvadenosine has 
already been noted. Fox and coworkers made use of the 
Pshitgobenzoyl protecting group to stabilize uridine to 
fuming nitric and concentrated sulfuric acids in a 


Ne Robins and Robins detritylated 


: : : | 
nitration reaction. 
BOs patolwvenesulronyle ee Ostrityla2  edecxyvadenos ine jin 


SOZ acetic acid under conditions which hydrolyzed 2/- 
; 20 
deoxyadenosine. 


Also, Robins and Basom protected 2'-deoxyinosine 


from acidic cleavage by blocking the sugar with trifluoro- 
121 
acetyl groups. 
Thus it can be seen that substitution of the sugar 
with electron withdrawing groups offers a method of 


protection of the nucleoside from acidic hydrolysis of 


the glycosidic bond. 
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SYNTHESIS OF 2'-DEOXY ADENOSINE COMPOUNDS 


In order to investigate reactions at the 2' position 
of adenosine it was necessary to block the 3%and 5% hyd- 
roxyl groups of the sugar. It was foreseen that certain 
types of reactions involve acidic conditions. Thus, to 
avoid complications acid stable blocking groups were 
chosen. 

The facile methylation of the 2'~ and 3'=hydroxyl 
groups using diazomethane with stannous chloride as 


catalyst Hee 


tomguve Gl) )e\(secuhiguten9 jeont ened sanvery 
stable blocking gmoup for the 32 position. Also, steric 
and electronic disruptions of the 2'-hydroxyl would be 
minimized with the 3'-methyl ether. Attempts to block 

the 5'-hydroxyl selectively with the bulky pivalyl group 
failed; as did attempts to selectively deblock the 2',5'-di- 
pivalyl derivative. Thus, a longer synthetic route was 
required. This involved selective blocking of the primary 
5'-hydroxyl with the triphenylmethyl (trityl) group, to 
give (18), folVowed by selective acetylation (low tem- 
Peratune) of the 2e-hydroxy! to give /(l9 )eassihis compound 
was detritylated in acid to yield (20) which was pivalyl- 


ated at the 5' position to give (21). Some base pivalyla- 


tion occurred but treatment with concentrated aqueous NH 


3 


selectively removed the base pivalyl! and the 2'-O-acetyl 
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totgive the desiiced tproduct (22) 1° iThiseprocedune finvolved 
several steps but with the exeenuton ofthe sonhgqinalrtrni- 
tylation all other steps proceed in good yield to easily 
crystallized products with a minimum of workup. 

The introduction of tri-n-butyltin hydride as a re- 


123,024 ed 


ducing agent for sugar chlorides and bromides 
the conversion of these compounds (previously very dif- 
ficult to reduce) to their respective deoxy compounds 


59-6 | 125 


easily possible. Holy and other workers made 
use of this reagent in the syntheses of pyrimidine 2'-de- 
oxynucleosides. Very recently Corey ae has reported a 
modification that greatly increases the applicability of 
this reaction. Only the choice of a successful chlorin- 
ating agent remained to complete the sequence. Thionyl 
chloride had been used to chlorinate the 5' position of 
wR ese ae teas Also, Vilsmeier - Haack conditions 
had been used with either NjN'<di methyl formamide (DMF) or 
HESdunte CHA phos phorami de (HMPA) and thionyl chloride to 
hatogenate the 5' and 3' positions of Paci eocitieeemanl wie 
Hogenkamp ig claimed that a 2'-chloro-2'-deoxynucleoside 
was formed from xylosyladenine under these conditions. He 
suggested that a cyclic intermediate involving the 3' and 
5' position of xylosyladenine had formed with HMPA and that 


this tntermediate protected these positions from further 


attacks! He of ferediias! prooflithe: facts thats hise chloro 
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product was unreactive with cob. .(I) alamin ae this vita- 
min model was known to be unreactive towards secondary 
alkyl halides. 

Hogenkamp's procedure was repeated and the chloro 
Product was isolated. This compound appeared to be the 
5'-chloro-5'!-deoxyxy losyladenine rather than the postu- 
Laeedn2z substituted products "Prooftof thisefact®inc)]uded 
the mass spectrum, which had characteristic fragmentations 
that could only occur for a 5'-chloro product (see dis- 
cussion on mass spectra) and the nuclear magnetic reson- 
ance spectrum which showed the largest shifts (from 
xylosyladenine) for the 5', 5'' and 4' protons of the sugar. 
When this product was heated, a new compound was formed 
which showed shifts for the le (6 = 6.30), 42 and 48 
(he= 10 a7 padi. 7.0), opyotons charactenistic.ofiN=3 “tool=5" 


LESS 


cyclonucieoside formation. Electrophoresis in a 
borate buffer and paper chromatography using a borate 
Syocem alingitica ted suhat ithe ecis-lip3-diroll) structure of 
xy losyladenine (3' and 5' positions) had been changed. 
This would not have been expected if the compound was 
2'. subsittituted (see experimental). 

Considerable research into the decomposition of 


136-140 


secondary aikyl chlorosulfites has shown that 
these compounds can rearrange via an SN. Or an SN, (ion 


pair collapse) mechanism giving inversion or retention of 
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the resulting chloro compound. The mechanism is affected 
by solvent changes or by heating in absence of solvent. 
When 22 was treated with thionyl chloride, in hot 
pyridine, a product was isolated which proved to be the 2'- 
chloro compound (23). This product was obtained in ~20% 
yield. Numerous attempts to improve this yield by varying 
solvents, quantities of reagents, temperatures and by 
using Lewis acids be failed. Nucleosidic products 
isQlated were uUnpeacted Starting material and 23.0 (the 
reaction rapidly turned biack on heating and a black 
precipitate remained after workup. Neither mild nor 
vigorous acid or base hydrolysis of this amorphous black 
solid yielded any detectable nucleosidic or heterocyclic 
products (such as adenine). Thus it seemed that the 
reaction was accompanied by extensive decomposition or 
polymerization of starting material. The chlorination 
reaction was assumed to go with inversion of configuration 
(SN. ) atetne 2° position withspyridine as solvente 
(Proof of inversion of configuration in a similar reaction 
follows). This reaction would then give 9-(2-chloro-2- 
deoxy-3-0-methy]~-5-0-pivalyl-B-D-arabinofuranosy!)ade- 


minemtesjye (see shrgure 1:0). "ihe tlowsyleld of this” re- 


action again illustrates the well known difficulty in 
142 
performing nucleophilic displacements at C-2 of sugars 
67.135 2143 


and especially C-2' of adenosine derivatives. 
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In reference 67 this point is illustrated by the diffi- 
culty in forming the ribo-epoxide by intramolecular nucleo- 
philic attack involving 2'-chloro-2'-deoxyarabinofurano- 
syladenine. Compound 23 was dechlorinated using standard 
conditions for the tri-nebutyitin hydride reduction. 
After deblocking, S-(2-deoxy-3-0-methy]-B-D-riboturancs yi))> 
adenine (24) was obtained in excellent yield. 
2'-Deoxyadenosine (10) was synthesized in a similar 
manner. !n order to maximize yields in this reaction 
sequence (see Figure 11) unpurified material was carried 
through until the final isolation. Adenosine was con- 
verted into I (25o,0-methoxyethylidene-B-0-ribofuranc- 


syl)adenine (25) by a modification Uo: of the procedure 


145 


reported by Reese and coworkers. The crude material 
was then selectively acetylated (5'-hydroxyl) using acetic 
anhydride and 4-dimethylaminopyridine as catalyst to give 
9-(5-0 =acety1-2,3-O-methoxyethy lliidene-8-U-r iboturanosy1,)- 
adenine CASS This material was converted in acid to a 
mixture of 9-(3,5-di-O-acety1-B-D-ribofuranosyl)adenine 


( 
( 


respectively. Thus ithe majority of ‘this’ mixture has a 


) and 9-(2,5-di-0-acetyl-B-D-ribofuranosyl) adenine 
4S 


27 
l : 

28) by a known procedure ints ina One 2 tow; 

freees —onydroxyimgroup for further ineaction. “ireatment 

of this mixture with thionyl chloride in hot pyridine 

gave a mixture of 9-(2-chloro-2-deoxy-3,5-di-0-acety1-6- 


D-arabinofuranosyl)adenine (29) and 9-(3-chloro-3-deoxy- 
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2,5-di-O-acety1-8-D-xylofuranosy!)adenine (30) in a ratio 
of ~3 to 2, respectively. To maximize this yield, the 
reaction was continued until ~60% of the starting material] 
had disappeared (i.e. 40% remaining). Increasing the 
duration of the reaction failed to increase product yields 
and merely resulted in more extensive decomposition. Under 
these conditions the reaction proceeded in a fair yield. 
tne crude chlorinated mixture was reduced with tri-n- 
butyltin hydride (which decreased the colour significantly) 
and was deblocked with base. The resulting mixture was 
easity separated by the procedure first outlined by 
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, using anion exhange on a Dowex 1-X2 (OH ) 
resin column with varying concentrations of aqueous alco- 
hol as eluant. This column separation resulted in iso- 
lation of pure 2'-deoxyadenosine (10) and 3'-deoxyadeno- 
sine (31) in a ratio of ~3 to 2, respectively. The over- 
all yield of 2'-deoxyadenosine from adenosine was 16% 
(26.6% based on recovered starting material). 

ft is interesting that in the preparation of both 
NOmande se | tine specs radical veducniion Wile chine Cte Ut yal ae 
tin hydride proceeds in excellent yield when compared 
with the nucleophilic displacement in the reaction with 
thiony! chloride. These results would suggest that the 


best method to functionalize the 2' position of adenosine 


would be through a radical mechanism. 
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Me Wtnemsscontiguratvons at C=2." sand C=3% stnsthe 
chloro compounds 29 and 30 were established by sisolathon 
of each after deblocking and chromatography, followed by 
comparison with known compounds. Also, both chloro com- 
pounds 29rand B0sweregconverntedeto othe Tibo epoxide in 
base (again the 2' chloro product required more vigorous 


conditions). 
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SYNTHESIS OF 2° AND 3' SULFONYL AND CARBOXYLIC ESTERS OF 


ADENOSINE 


A series of sulfonyl] and carboxylic esters were syn- 
thesized in order to study their physical properties (cd, 
uv, nmr, ms) and rates of acid-catalyzed hydrolysis. This 
investigation was initiated to resolve certain ambiguities 
in the literature. 

Phe 25> and 32 —O0-methy ladenosinesm (37 and | 7 respec — 
tively) were chosen as starting materials for reasons out- 
iined in tne previous secticn. 

Both of these nucleoside ethers were selectively 
tritylated at the 5° position to give i8 and 93(2-O-methyt- 
5-O-trapnenyimethyk-B-D-riboturanosy l)adenine (33) taprep- 


aration of the blocked alkyl and aryl sulfonyl compounds 


WS AT followed 


was achieved using standard procedures 
by acidic removal of the trityl group to yield the desired 
compounds (see Figure 12). Compounds 9-(2-0-methanesulfonyl- 
3-O0-methyl-8-D-ribofuranosyl!)adenine (34), 92 (3F0-methane- 
sul fonyl-2Z-0-methy!-8-D-ribofuranosy] )adenine Go) pda 205 
benzylsu! fonyl-3-0-methyl-B-D-ribofuranosyl)adenine (36) 

and 9- (3-0-benzylsul fony1l-2-0-methyl-B-D-ribofuranosy!1)- 
adenine (37) were synthesized in good yields without forma- 


tion of by-products. Compounds 9-(3-0-methy1-2-0-p-toluene- 


sul fony1-§-D-ribofuranosy])adenine (38)5 09" (2-0-methy1-3-0- 
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36. SQ9CH3 , CH3 
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40 CH, =, SOpYpNO» 


41 SOx0-p-NO,,CH3 

42 CH3_ SO) .pNH» 
43 SOoPpNH,,CHy 

44 CH3  , SO.CFy 
45 SOjCF;_ CH, 
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42. 


p-toluenesulfonyl-8-D-ribofuranosyl)adenine (39), 9-(3-0- 
methy]l-2-0-p-nitrobenzenesul fony!l-8-D-ribofuranosyl)adenine 
(40) and 9- (2-0-methy1-3-9-p-nitrobenzenesul fonyl-B-D-ribo- 
furanosy!)adenine (41) were prepared in moderate yields with 


formation of small amounts of other products (possibly base 


substituted derivatives). 


lt is interesting to note that the alkyl sulfonyl com- 
pounds reacted very rapidly (~1 h) and in generally better 
yields when compared to the aryl sulfonyl compounds (re- 
actions as long as 1 week). Moffatt and coworkers a have 
since reported a facile method of synthesis of compounds 
such as 2'-O-p-toluenesulfonyladenosine from adenosine using 
activating organotin derivatives. 

Compounds 9-(2-0-p-aminobenzenesul fonyl-3-0-methy1!-8- 
D-ribofuranosyl)adenine (42) and 9-(3-0-p-aminobenzenesul - 
Fonyh-2-O-methy | 26=Dieriibofuranosy l))adenines (43) were pre 
pared by hydrogenation of the corresponding p-nitrobenzene- 
sulfony! compounds 40 and 41, respectively, using palladium 
on charcoal. These reductions were selective and the only 
complication was a tendency of the products to decompose 
upon heating. 

Compounds 9-(3-O0-methy1l-2-0-trifluoromethanesul fonyl- 
B-D-ribofuranosyl)adenine (hi and 9-(2—0-met hy l= 35 Omtigtic 
f luoromethanesulfonyl-f-D-ribofuranosyl)adenine (45) were 
prepared in low yield using trifluoromethanesulfonic anhyd- 


ride. Several attempts were made to improve the yields of 
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these reactions with only moderate success. Compound 45 
proved to be extremely sensitive and decomposed even when 
kept at low temperatures with exclusion of moisture. This 
compound may decompose through the cyclonucleoside with 
bond formation between N3 and C=3" similar to the decom= 


IBS 49 


position of riboepoxides on heating. Part) of tne 
difficulty in preparation of the trifluoromethanesulfony] 
compounds is certainly due to the extremely reactive nature 
of triftate aeeaed 120 The following abbreviations will] 
be used: mesyl for methanesulfonyl, besyl for benzylsul- 
PONY Ie lOsyAyror petoluenesultony ls nisyl for ponitropen— 
zZenesulfonyl, aminosy!l for p-aminobenzenesultony! and = tri— 
Flyl for trifluoromethanesulfonyl. 

Compounds 9-(3-0-benzyl-8-D-ribofuranosy])adenine 
(46) and 9-(2-0-benzy1l-8-D-ribofuranosyl)adenine (47) were 


15531 


prepared by the procedure of Broom (see Figure 13). 
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Themecmens.0-(2-0-p-methoxyphenylacety |-3-0=methyl-e- 
D-ribofuranosy! )adenine (48), 9-(3-0-p-methoxyphenylacety]- 
2-O-methyl-e-D-rtboturanosy! )adenine (49); 9-(2-0-p-meth- 
oxybenzoyl-3-0-methy1-8-D-ribofuranosyl)adenine (50) and 


9-(3-0-p-methoxybenzoy!l-2-0-methy!l-8=D-ribofuranosy! jade 


nine (51) were prepared by a procedure used in this labor- 


atory ve (seemEiqgure 1.4) {9 sThe anhydride of thesacid was 


Prepanedmusi ng uN Neodicyclohexy lcarbodinmiderand this 
solution was added to a solution containing 18 or 33 and 
4-N,N-dimethylaminopyridine (the reaction would not proceed 
WitHOUt this catalyst). After acidic removal oF the. Eri ty! 
group, the desired compound was isolated. Loci Seagaine on 
interest that the alkyl anhydrides (p-methoxyphenylacety]) 
reacted much more rapidly (<5 min) than the aromatic an- 


hydrides (p-methoxybenzoyl in about 1 to 7 days). 
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ULTRAVIOLET AND CIRCULAR DICHROISM SPECTRA 


In recent years there have been numerous reports of 
base; Sigar-substituent overlap itn nucleosidic) compotnds. 
Ikehara claimed that such an overlap was observed in 3'-0- 
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p-nitrobenzenesulfonyladenosine. | By subtracting the 
absorption spectrum of this compound from the sum of the 
absorption spectra of adenosine and Ij 2e0s i sopropylitdence 
3-0-p-nitrobenzenesultonyl-D=xylofurancses he calculated 
a Iga hypochromicity «at 257 nm.  Herquoted this as proot 
of base, sugar-substituent overlap and suggested that this 
accounted for the unusual stability of this compound 
against bromination and acid cleavage. The following dis- 
cussion and the’ discussion on rates of actd! hydrolysis 
Whi? disputeythese conclusions. 

In later papers, Ikehara studied base, sugar-substitu- 
ent overlap in 8-bromo-2'-0-triisopropylbenzenesul fonyl- 


adenosine and also showed that no overlap was present in 


thes g-bromo—3e-0-trimsopRopylibenzenesultonyl adenosine 


15: 
isomer. Intramolecular nuclear Overhauser effects 23 and 
X-ray analysis 154 confirmed overlap in the 2'-isomer and 
ae nonstacked “form for the: 3"=i somer.s » Thestvespectrasof 


these compounds, however, were OGLISIA | hae Whereas both 
thie =O -acety leand! 5 = O0strityl deriv ati Ves of the above 
compounds showed hypochromicity for the 2'-isomer (com- 

pared with the 3'-isomer), the parent 2'-isomer (8-bromo- 


2'-0-triisopropylbenzenesulfonyladenosine) showed no uv 
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47. 


hyvochromlerty helative to the 37 —hsonen. 
Broom observed base, 2'-sugar-substituent overlap in 
a variety of 2'-O-benzylated nucleosides. Whereas the 
5 1so0omers GaVeenormal extinction coefficients (Byi0epen 2 yl 
adenosine at pH 7, €max 15,000), the 2'-isomers showed 
marked hypochromicities (2'-0-benzyladenosine at. pH -/% 
Emax = 13,000). /°! Broom noted that stacking of the base 
and the 3'-O-benzyl group was impossible by examination 
of models. Pfleiderer has very recently reported enhance- 
Meni Oterthe sCd sO1e2.-0-=benzy | etnens Of stiri dine scOmpounds 
(compated tothe cd) spectra of the 3° =0=benzy | isomers) 
and has postulated base, sugar~-substituent Ai een tee 
Examination of the uv and cd spectra of compounds syn- 
thestzedq. in wmits thesis provided Interesting structural. Vis 
spectral correlations. It should be noted here that great 
Cate Was taken in the determination of the cd (Cand uv) 
Spectra. Most cd Spectra were repeated at several different 
Seon one The instrument used to obtain the cd 
spectra (see experimental section) recorded the photomulti- 
plier voltage at each wavelength as the spectrum was re- 
corded. Only the portion of the “spectrum which had this 
voltage at acceptable levels (to prevent rotatory artifacts) 
and gave a reasonable signal to noise ratio was plotted in 


thes fotlowtng cd figures. All determinations were run in 


Spectral grade methanol unless otherwise stated. 
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48. 


Both 2'-O-methyl- (32) and 3'-0-methyl-adenosine (17) 
had cd spectra (see Figure 15) which exhibit the expected 
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negative Cotton effect with a minimum at A~270 nm. The 


magnitudes of the Cotton effects are also consistent with 


Ne) When 


adenosine derivatives in the anti conformation. 
these spectra are compared with the cd spectra of 2 0 
benzyl- (47) and 3'-0-benzyl adenosine (46) (Figure 15) 
some interesting differences are apparent. Whereas 46 

has a cd spectrum almost exactly the same as that of 322 and 
17 and shows no uv hypochromicity, 47 has two very different 
Cotton effects. it is apparent from the uv hypochromicity 
of AT that this isomer has overlap between the adenine 

base and the 2'-O-benzy] Sugar substituent. ! 2?! The cd 
spectrum shows the effect of this overlap. in) the: cd spec=— 
Spectrum of 47 thereris a large positive Cotton effect with 
a maximum at A ~260 nm which indicates that the nucleoside 
conformation has changed; most likely by a rotation of the 
adenine base to accomodate overlap with the sugar substitu- 
ent. The Cotton effect at 260 nm is attributed to the aden- 
nine base since the benzyl group has no significant uv ab- 
sorption in this region. At X ~210 nm a very large enhanced 
Cotton effect occurs indicating base, sugar-substituent 
overlap. It should be noted that although the extremum of 
this large Cotton effect was not recorded due to noise in- 


terference in the cd, the corresponding ord spectrum did 


show one of theord extrema at A = 217 nm. 
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The cd spectra of the 2'-O-trifly!-G@4), 3'-0-triflyl- 


COS er 2: O-mesy i134) cand <3-0-mesyl=(35)a2t3. )-0emetiy t= 


adenosine compounds had almost identical cd spectra to 
thoserot lj yande32 “(see Figure 16). This is as expected 
with the non-aromatic sugar substituents that cannot inter- 
act with the adenine base by t-t1 overlap. This lack of base, 
sugar-substituent overlap is also confirmed by their relative 
uv extinction coefficients (see experimental section) and 
nmr spectra (see discussion on nmr). 

The cd spectrum of 2'-0-tosyl-3'-O-methyladenosine 
(38) (see Figure 17) exhibits an enhancement in the magni- 
tude of the cd spectrum, at low wavelengths relative to 
Chatsor tthe 3. 40-tosy le isomer (39) This sagain indicates 
Stacking of the base and the 2'-O-tosyl group. The strength 
of the interaction between the base and the sugar in 38 
was demonstrated by the small effect that an increase in 
temperature had on the cd spectrum. For example, the large 
Cotton effect at A = 212 nm was decreased by only ~4% upon 
increasing the temperature from 25° to 60°. This base, 
Sugar-substituent overlap also gives a large hypochromicity 
in the uv spectrum (see experimental section) and markedly 
affects the nmr chemical shifts for this compound (see dis- 
cussion on nmr). The uv hypochromicity of a Ze O BOS Yel 
substituent was also noted by Moffat and BOR eae ate The 


cd spectrum of 30: is more complex since the sugar tosyl 


Subs tltuent. has a Uy Maximum at “ —~ 230 nm. ohus, otherne 
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is overlap ofeCotton effects from the base (adenine) ‘and 
thes easyh groupains this region. 
A comparison of “thevied spectra of 2¥=Debesylet36)iand 


Oe a besyl (3 eee s-O-methy | adenos(nesmagalneshowsed 
(ire nencesinmthe Cotton effects (seemraqure: Iy)ee ln, this 
case, however, the cd spectrum of a) shows only a small low 
Wavelengtimventancement, It any, bute the first Cotton) et rect 
(A ~250 nm) is positive. This Cotton effect presumably 
arises from the adenine base which indicates that some 
change in conformation of the nucleoside has occurred 
(again most) likely @ torsional rotation of the base). The 
uv spectrum of 36 shows a smaller hypochromicity than that 
of 38 or 47 and no marked shifts occur in the nmr spectrum 
(seemdiscussion on nmr). thus, it.appears that there sls 
some base, sugar-substituent overlap, possibly in equilib- 
rium with a ''non-stacked'"' form, but certainly the overlap 
is not as strong as with some other derivatives noted in 
this discussion. This is probably due to the greater 
distance between the base and the aromatic sugar substitu- 
ent owing to the extra methylene group. Leonard and co- 


ey. 


workers have shown that stacking interactions between 
two adenine rings decrease with increasing separation of 
the bases. This separation was studied by joining the 
adenine rings through methylene bridges. The optimum 
stacking interaction was obtained with a linear bridge of 


ly, 


three methylene groups. 
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Nhe cde spectra of 2"-0-nisyl= (40)))0 3 = O-ni sy l=. 41), 
2'-O-aminosyl- (42) and 3'-O-aminosyIl—(43) 2'(3')-O-methyl 
adenosines are more complex. Both the base and the sugar 


Substituents have uv maxima in the same region’ which re- 


sults in overlapping Cotton effects (see Figure 18). In 
general though, the 2'-isomers have greatly enhanced Cotton 
effects when compared with the 3'-isomers. This would 


suggest base, sugar-substituent overlap, as would the hypo- 
chromicities observed in the uv spectra and chemical shifts 
in the nmr spectra shown by the 2'-isomers (see experiment- 
al and discussion on nmp respectively). 

in acidic solutions, the cd spectra change radically, 
as expected, since at least the adenine (and in the case of 
aminosyl, both) chromophore(s) is protonated (see Figure 
19). This Figure shows the spectra of 38 and 42 run in a 
mixture of MeOH > Ho0 C14) ot (pHs O42) ands | <len  Heresan 
anomaly arises. Whereas the uv spectrum of 38 at acidic 
pH shows hypochromicity and a fairly large cd effect is 
observed (although not as large as at higher pH), the uv 
spectrum of 42 at acidic pH shows no hypochromiticy but a 
NErvVimige Casechinect )IS present. GAtvra, pH otf tel, woth 
the base and the 2'=aminosyl substituent of 42 should be 
protonated. This would result In a barge electrostatic 
repulsion which explains the lack of uv hypochromicity. 
The targe cd effect must arise by some other enhancement 


mechanism, such as restricted rotation of either (or both) 
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chromophore(s). This illustrates that caution must be 
exeretsed in the interpretation of an ‘enlarged icd, effect. 
Thepcdespectrasot thevestejsec'-0-—(46 Mand: 3-0-4149) 9p 
methoxyphenylacetyl 2'(3')-O-methyl adenosines and 2'-0-(50) 
and 3'-0-(51) p-methoxybenzoyl 2'(3')-O-methyl adenosines 
further illustrates this cautionary note (see Figure 20). 
Neither of these isomeric pairs shows uv hypochromicity 

(see experimental section). This was also observed in 
similar compounds by Usatyi and coworkers 158 and Laporte. 
159 the p-methoxyphenylacety!, derivatives exhibit only 
small vcd effects but both p-methoxybenzoy! derivatives show 
lLanvemLOrronmempects = NUne€) anomavlc echromophnor eso. alle mp. 
methoxyphenylacety! derivatives is insulated by a methyl- 
ene. group! from ithe optically active center, (2°) or 43" pos i-— 
tion), whereas with the p-methoxybenzoy! derivatives, the 
chromopnore isfattached directly Via an ester linkage to 
the optically active centers. It is known that p-methoxy- 
benzoyl sugars (without the nucleoside base) have large 


158 


cd effects. ft ts of interest. to. note that. whereas. 2 = 


O-p-methoxybenzoyladenosine has a Cotton effect at ~270 


nm with Ae = -4 and 3'-0-p-methoxybenzoyladenosine has a 
Cotton efrect at ~2/70 inm witheAdc=el.5 18, 50 and 51] have 
Cotton wetfects at this wavelength with Ac = -=20 and!) =—9° 


respectively. This enhancement may be due to restricted 
rotation because of the adjacent O-methyl groups or 


absence of hydrogen bonding. 
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In conclusion, enhancement of the cd spectra of sugar- 
substituted nucleosides (compared with the underivatized 
Parent compounds) may indicate that base-substituent over- 
lap occurs in solution. When the enhancement is markedly 
pronounced in the spectrum of only one (2' specifically in 
the present study) of two such isomerically substituted 
derivatives and especially if this trend is parallel with 
uv hypochromicity data, the stacking interpretation is 
straightforward. However, enhancement can also arise by 
several other mechanisms. Thus, great care should be 
exercised in the interpretation and rationalization of such 


eduspectnra. 
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ACID-CATALYZED HYDROLYSIS OF THE BASE-GLYCOSYL BOND 


OF SOME ADENOSINE DERIVATIVES 


The following table summarizes the results of acid 
hydrolysis of some adenosine derivatives in 1 N HC! in 
dioxane : water (3:2) at 81.4°. It was noted that 2'-0- 
methyladenosine (32) was more stable than 3 -0-methyladenco= 
sine (17). This small enhanced stability was also noted 
by Reese Hs andamay be due tomthes2)-0-methy) group. in- 
terfering in the solvation of a developing positive charge 
SU nes anomeric Camponmto a greateteextentcthans tine es s-0- 
methyl group. Reese re noted that both methylated com- 
pounds were more acid stable than adenosine. The benzyl] 
compounds 46 and 47 displayed a further enhanced stability 
in acid. This stability could arise from one of the two 
following effects, or more likeiy, a combination of both. 
Amgteater interterence of O-benzy le thanyot  O-methyl with 
solvation at the anomeric position is likely. The slight 
electron withdrawing effect of the phenyl group could also 
destabilize the positive charge forming at C-1' in the 
transition state (this positive charge arises in either 
mechanism A or B illustrated in figure 8). 

It does not appear necessary to invoke stabilization 
of 47 que to base sugar substituent overlap to explain 
these results, although this type of stabilization can 


not be ruled out completely. The results with the sulfonyl 


esters show that the most important factor stabilizing an 
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TABLE | 


Acidj tydgolysastDatagon 2+-ande3!-OuSubstituted Adenosines 


Abbreviated Compound Tesi yc it abs Paseo mii fae 
Name Number 

2'-0-Methyl 52: 251 (+11) 4.60 
3'-0-Methyl ibe 48 (+18) 2.58 
2S 0-Benzy | 47 L627 (9) 7.13 
3'-0-Benzyl 46 280 (+13) 4.13 
2'-0-Mesy] 34 2.84 (+0.22) 407 
3'-0-Mesy! 35 7.10(+0.44) 163 
20-105, | 38 Va0G (4020 5,) 1069 
3'-0-Tosy! 39 3.87 (+0. 24) 298 
2'-0-Besy| 36 17 3. O05) 668 
3'-0-Besy] 37 5.37(+0.18) 215 
ZO this y 40 G296) (40-14) 1203 
3'-O-Nisyl] AL Seehesch Orley) 369 
2'-0-Aminosy! 42 1.56(+0.12) 740 
3'-0-Aminosyl h 4.68(+0.15) 247 


# ° 
Average of values given in Appendix 
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adenosine derivative against acid-catalyzed hydrolysis is 
the electron withdrawing effect of the SUgar substituent (s). 
Overlap of the base and the sugar-substituent plays a small 
role, if any, in the stabilization of these compounds in 
acid. The O-mesyl compounds which have no aromatic sugar- 
substituent for overlap, show remarkably enhanced stabili- 
Cres. Ite may be argued that Since the 2°-O0-tosy) compound 
(38) displays an increased acid stability relative to the 
2'-O-mesy] compound (34), this is due to the base, sugar- 
substituent overlap of the former compound in acid (see 
discussion of,.ed). However, tt ts seen that’ the seth: 
tosy] derivative (39) also has an enhanced acid stability 
melative to the 3 "-O0-mesy! compound. I has@been™ shown 
(See discussionmwot cd) that no base, sugar-substituent 
overlap occurs in 39. The inductive electron withdrawing 
enfect Of the potoluyl group 1s greater (than thatwor =the 
methyl group (pK. acetic acid = 4275, pK. Patol ui ewacia ss 
4.36) and this could increase the stability of both tosyl 
compounds compared with their respective mesyl derivatives. 
There could also be some enhancement in stability due to 
solvation ettrects at the anomeric position as already 

Noted rote ene. O-methy | (pahene compounds relative to the 
O-benzyl compounds. The besyl compounds are seen to have 
intermediate stabilities between the mesyl and tosy] 


compounds. Again the major effect can be attributed to 


inductive withdrawal by the sulfonyl ester group (2'-0- 
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63. 
besyl (36) has only weak base, sugar-substituent overlap 
and 3'-0-besy!l (37) none (see discussion on cd)). Although 
the benzyl group is inductively electron withdrawing (pK, 
phenylacetic acid = 4.28), it doesn't stabilize compounds 
36 and 37 as much as the D-tol ay le groupe stabu | imesego; 
and 39. This may be due to a greater interference with 
solvation of the positively charged intermediate by the 
tosyl group compared with the besyl group in which the 
hydrophobic aromatic ring is removed from the anomeric 
position by an additional methylene group. The nisyl 
derivatives 40 and 4i show the greatest enhancement in 
stability compared with their parent O-methyl compounds, 
with 40 amos t F008 times mone stable thane /e under tthese 
conditions. Again this stability can be attributed 
mainly to the inductive electron withdrawing effect of 
the nisyl group. Some of the effect is likely due to 
interference with solvation at the anomeric position 
but the major increase from the structurally similar 
tosyl] must be due to inductive effects. lIkehara ihe 
invoked an overlap interaction between the base and the 
phenyiagroup aor bothe2 = fand 3°—0-p-niitropenzenesw lion 
yladenosines to rationalize the unusual acid stability 
of these compounds. it has been shown that AL does not 
haverswonit icant base, slgar-substiituent’ interaction 
lover liap)® “The stability of these suifony| esters adoes 
not appear to be affected significantly by base sugar 


substituent overlap even when strongly observed by cd. 
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The lower acid stabilities of the 3" esters as compared 
to their 2' isomers is. consistent with the greater dis- 
tance separating the electron withdrawing substituent and 
the anomeric position where the positive charge is form- 
ing. It is interesting to note that the nisyl substitu- 
ent offers some promise as an acid stabilizing blocking 
group for nucleosides. lt does not migrate as carboxylic 


7 
esters do 160,161 


and it can easily be removed under 
mildly basic conditions (see experimental). The primary 
limitation is the moderate yields observed in the syn- 
theses of these derivatives. It was expected that one 
of the most acid stable compounds would be the aminosyi 
derivatives. These basic substituents should be pro- 
tonated and thereby be among the strongest electron with- 
drawing substituents. lt was found, however, that the 
aminosy! group was hydrolytically removed under the con- 
ditions of these hydrolyses. The sulfanilic acid re- 
leased was isolated and identified by comparison with 

an authentic sample by chromatography and uv spectra in 
acid and base. The aminosyl! group would not be expected 
to cleave from the sugar products of hydrolysis at a 
Greater tate than from the orrdinal “nucleoside. Also, 
sulfanilic acid appeared immediately in the hydrolysis. 


The absence of a ''lag time'! suggested a slow continual 


hydrolysis of the sulfanilate SUbDSLICUeML. THiS. would 


give: 
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k 
1 
base-sugar-ester ——®» base + sugar-ester 


k fa 
2 base-sugar + ester ee ae 
Ee 


+ products. 


Whereas the hydrolyses have been assumed to go via 
direct base-sugar cleavage, this new path of hydrolysis 
may now be operative forming the less stable parent nucleo- 
side which is rapidly hydrolyzed (Table 1!) to the base 
and sugar products. The rate of disappearance of the 
aminosyl derivatives could then be dependent on two phen- 
omenological first order rate constants, ky and ko> whose 
sum would correspond to the measured pseudo first order 
rates constant, (Rates= k, [substrate] + k, [substrate] = 
k' {substrate], wheme k' = k, + k,). 

This raises the possibility that all of the hydroly- 
ses go in part by prior ester cleavage although the pre- 
viousiy discussed sulfonyl ester derivatives qualitatively 
follow an electronegative trend. The initial goal of 
this hydrolysis study was to investigate the role of base, 
sugar substituent overlap in the acid stability of these 
derivatives. Elucidation of a consistent and detailed 


mechanism tor their acid catalyzed hydrolysis will re- 


quitestUmenen research. As predicted stne 2. =0-aminosy | 
derivative (42) displays a pronounced acid stability 
relative to its 3'-isomer (43) although there is no 


evidence for any base-sugar substituent overlap in acid 
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solution (see uv discussion). 

Hydrolysis of the triflate esters 44 and 45 is even 
more complex. In both cases a long lived biproduct was 
formed (see Figures 21 and 22). In the case of Ly ia 2 = 
chloro-2'-deoxy-3'-O-methyl nucleoside product (2) was 
formed and the corresponding SCCM OLOS 7s -Oawe Lnyn mpc 
duct (53) was formed from 45 (both identified by ms). In 
each case the chloro hiproduct had a longer half-life than 
the triflate starting material giving rise to an appreci- 
able build up of the biproducts. Since the triflate esters 
contain the strongest electron withdrawing substituent 
in the table, one would expect them to be very stable 
against hydrolysis. There was no 'lag time'' in the 
appearance of adenine as would have been expected if the 
hydrolyses went solely via the chloro biproducts so it 
would appear that some transient acid sensitive intermedi- 
ate, possibly an unsaturated elimination product, was 
involved in each case. Co 1s) NOt Strrprising., that tives tii — 
flates exhibit instability sin the hot, acidic: solution 
since they also displayed a tendency to decompose during 
their syntheses (see the experimental section). 

Im conclusion, it. is noted that *the dramatic increase 
inoacrd stabruity exhibited by certain ot) the adenosine 
Sultony!nester derivatives prepared In this thesisvis due 
primarity to. the Stabilizing effect? of electron withdraw- 
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MASS SPECTRA 

McCloskey and coworkers ioe have investigated mass 
spectrometry of a wide variety of adenosine derivatives. 
They have determined the principle fragmentation pathways 
fOresttucturalay Significant tons and have postulated 
decomposition mechanisms based on metastable transitions, 
deuterium and substituent labels and high-resolution peak 
identification. The most significant ions in adenosine 
derivatives consist of the purine base (adenine) plus 
various portions of the sugar skeleton, reflecting stab- 
ility of the aromatic base toward decomposition. The 
Sugar fragment, (ions) plays a minor role in thee frag 
mentation of most adenosine derivatives. lons that occur 
in the high mass region of the spectrum are usually very 
easily detected, even at low intensity, since they are 
not obscured by other fragments. The molecular ion Mm 
and often minor ions corresponding to M-OH or in the case 
of sugar methylation WAGED, occur in the high mass region. 
(M-OH,M-OCH.) do not involve specific hydtoxyl or metny |- 
atied hydroxy! groups and therefore are off no structurally 
diagnostic value. Elimination of OH, C-5! as formaldehyde 
(30 mass units), which occurs with accompanying proton 
transtererron the 5 =—hydroxy)] group to the base, leads 


to an impertent structural indicator, Von ¢c, corresponding 


LOUM-30 e(see Figure 23). lon c occUrs) in) compoundsm tart 
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possess the free 5 =hydtoxymethoxy group. Often mole- 
cules that have the 5' position blocked or substituted 
will exhibit a fragmentation that involves loss of the 
entine 5° Group Without concomitant transfer of a preton 
to the base. lone Is¥also thought tomleads by the 
fragmentation pathway shown in Figure 23, to ion x and 
an ubiquitous fragment ion at m/e 202. These ions are 
more intense in compounds with a labile C38 (Or Ca2" Siuip = 
stituent. Vonex, is useful  Wne determining a2. 9subst? ta — 
tion but is complicated by the fact that many adenosine 
derivatives also show an ion corresponding to loss of the 
2 Subs Giinuen te from eon . 

A more ees ne for determinate ont-of {Ce Ze — subse 
stitution is fon d which occurs at the mass of the base 
(B) plus 44 mass units in the case of adenosine. This 
PLrOomNnemMt sone shittss according tor then ma sserorestiensce 2, 


16245 involve 


substituent and was shown by McCloskey 
more than one mechanism. Three mechanisms proposed by 
McCloskey are outlined in Figure 24. Also shown are 
possible routes of tormation of ions je (Bi elS) masismunt ts). 
f (B + Ti imass units) and “B Ye2H a major ton wh teh will! 
be discussed below. These ions are also formed via more 
than one mechanism. 

lon h (B + 30 mass units for adenosine) reflects 


G2 


Seructurdaim changes atc) s aMcGloskey proposed the 
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mechanism given in Figure 23. This mechanism requires a 
2'=hydroxyl hydrogen but again ion h must be formed by 
other routes since there are numerous examples (see 
experimental section) where a Signiticant ton h 1s) formed 
without a labile hydrogen at the 2' position. 

Two other common peaks which occur in nucleoside 
MaSSesDectia are lon ieand ion}. lon i which in adeno- 
sine consists of the base plus 60 mass units of ‘the sugar 
was proposed by McCloskey to contain C-1' and C-2' plus 
their attached oxygens (see Figure 24). This ion could 
result from ‘homolysis of the 2' to 3' bond followed by 
Ehansier fot. aNGa5. voreC—3 hydrogen: to: tires mt ngp omy cen: 
iii seonm! Sot Vsome use In determiningeG-2 subst itution. 
lon j (m/e 190) which consists of the base plus 56 mass 
units of the sugar was found by McCloskey ioe to contain 
PNemDase al ce 2 OK AndBOne ineLeroaton ot athe 
sugar. Witte 2" and 3°-O-methyl compounds, a related 
TOMmmymin7e 204) Sconsi sting ot the base, 0 l 70-252 C38 
and OCH. could be seen. Also with the sugar methylated 
nucleosides a peak at m/e 173 (y-OCH,) frequently occurred. 

Perhapsmthe most charactemstic ions in enucleoside 
Massespeettra (often the most intense) pare those nepresent— 
ing the protonated base (B + H and B + 2H). These ions 


Vary ainehass with subst itutton of «the base sand sare, useful 
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occurs in certain cases’ in 2'-O-methylated compounds 

is ion v (m/e 177) which represents loss of the methy] 
group from/ toned. lon w which corresponds to the sugar 
(s) less one hydrogen atom also appears as a fragment in 
some compounds. 

Substituents, Jof course, also have«echaracteristic 
Fragmentations. The trityl group, for instance, gives 
rise to numerous peaks. Besides the very large fragments 
at m/e 243 (C,), there are other smaller peaks at m/e 
24 iee2395 2285 21579183 eand b6Séamong cothens shelo cnlilust— 
rate the usefulness of mass spectral data in the identi- 
fication of nucleoside analogues, two examples are dis- 
cussed below. 

The first example is the product (54) of the re- 
action of xylosyladenine with thionyl chloride in HMPA. 
Accurate mass measurements showed that the product was 
monochlorinated (M peak at m/e 285). lons B + H and 
B+ 2H at m/e 135 and 136, respectively, showed that 
the compound was not base substituted. lon d at m/e 178 
and i at m/e 194 showed that the compound was not 
chleorittated at.C—-2'.) The absence of ion c and the pre- 
sence of an ion at m/e 236 corresponding to M-CH, CI ine 
dicated that the chiorine substitution had “occurred at 
thes5 position. 

The second example involves the two byproducts of 


hydrolysis of 44 and 45, in which only a small amount of 
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material was available. Both compounds detected appeared 
to be monochlorinated derivatives of O-methylated adeno- 
sines (M m/e 299). Both exhibited the absence of base 
Subs GuCuUtLOneAE eH, 86 + 2H at im/e 135 and ls 6,00respect— 
ively) and were not 5' substituted nucleosides (ion c at 
m/e 269). The product isolated from the hydrolysis of 
4 had ion d at m/e 196 while the corresponding product 
from fiydgohysissof 45ehad ion d tat m/e, 92. Thisesug= 
Gésted tigt the former was chlorinated at C22‘ and the 
Lathe grat e347, (with the other position O-methylated). 
The very intense ion x at m/e 234 for the latter compound 
Hsia US Omi Mauncat i Vvemotva good leaving groupeat, Ca3.. 
These assignments were correlated with the isotope ratios oF 
chlorine (F°>c1: 370), 100 : 32.6) for halogen-containing 
Om S:. 

Thus, it can be seen that mass spectrometry is a very 
valuable tool for the identification of nucleosides, 
especially when only very small amounts of nucleosidic 


material are available. 
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NUCLEAR MAGNETIC RESONANCE SPECTRA 

Proton nuclear magnetic resonance spectroscopy a 
nmr) represents a powerful tool in the identification of 
nucleoside derivatives. All spectral samples were dis- 
solved in either (CD,),S0 (DMSO-d ¢) or cocl, and a com- 
paritson of the resulting nmr with one run after addition 
Dili DA0; determined the exchangeable hydrogens. 

Generally theprotons appearing furthest downfield 
are 48 and Me of the base. These usually appear as 
singlets at ~8.30 and 8.10. The next non-exchangeable 
hydrogen observed was the anomeric proton ul ato ~ OO). 
The anomeric proton was coupled to only the C-2' protons 
and was not overlapped by any other non-exchangeable 
protons. lt also appeared as the furthest downfield 
Sugar proton for al] compounds in this thesis. A first 
order analysis of the coupling constants (with decoupling 
in some cases) was used to identify the remaining sugar 
protons. The multiplicity of the, anomeric proton tdenti-— 
fied the sugar C-2' as either deoxy (X doublet of doub- 
jets of an ABX system) or monosubstituted (AX doublet). 
Using this coupling constant, co (and ae if present) 
Was identified. After deuteration of exchangeable pro- 


; : fhe 
tons the remaining coupling wrth” H Wessel (lem Gs5 . 
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HEOLON(suia Sinus. from Che mulCinl forty or  H (and H 
ffapresent)athe:C-3 proton(s) weresidentit ted as subs 


Stitutedmoras deoxy. his procedure was extended to 
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the tdegree: ot asymmetry of the splitting epatterns 
wast also vhelipfulein videntifying <or confirming ttheeidenti ty 
Gin 1D OIGO NSH For example, the upfield peak of the anomeric 
doublet increased in intensity (with respect to the down- 
Field peak of the doublet) inversely proportional! to the 
chemical shift difference between the anomeric and the ee 
protons. That is, the smaller the chemical shift dif- 
ference, the larger the relative magnitude of the upfield 
peak. This ''skewing'' of the peaks was of great help in 
making many assignments. Again, where possible, the 
assignment of peaks was verified by spin-spin decoupling 
experiments. 

The chemical shifts of the various sugar protons 
were very useful in assigning the position of functional- 
ization (see synthesis of 2'-deoxyadenosine compounds). 
Electronegative groups such as acety!, benzoyl! and sul- 
fonyl groups markedly shift the sugar proton attached to 
the substituted carbon downfield. Neighboring protons 
were shifted downfield to a lesser degree. Rules formu-~ 
lated by Reese and coworkers were applied and were use- 
ful in making assignments with compounds in which either 
TiewG Fe hydiroxyecor ithesG3) Wnyddoxy (but not both) were 
Sibstutupede ilhese rules state that “for a pairs ofez and 
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3 vksomers, the u resonance is at lower field and dying 


iseesmadlersitor the 2° isomer. 
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Since a large number of isomeric O-methyl compounds 
ate describedwin this thesis, it is interesting eto com 
pare their nmr spectra (see Table 1). It can be seen 
that the vposition ofr the electronegative sultony! on acyl 
group can easily be determined by the chemical shift. 
ihse2 C-subsmiturcedsderivathves (sultony lor sacyi) shave 
Shiites to Lower freld for Hol an desgeeO— 5 DiS CaitUte dace tii dia 
tives have shifts to lower field for He AkSo.s if the 


electronegative substituent is considered the determining 


] 
group, all compounds follow the rule of Reese coisas 


ADOVEDexcept fom the p=toluenesulfony laderivat ives. in 
6 
the case of the tosyl compounds u! of the 2' isomer is 
at lower field but also has a larger Jyregs value. Since 


Minisecoup ing» Gellecths the conformation of the iibose 
ring, it seems that in this case the sugar conformation 
has changed. This may be due to base, sugar-substituent 
overlap. (See discussion of cd). Also in the case of 
ther2s Oo tosyl nisyleand aninosylademivotives, there 

is a marked upfield shift of He and ue compared with the 
SU Subs tutttedscehivaui Ves me Although tt. 1s eknOwnmenat 


base stacking does not occur in DMSO with dinucleo- 


eel 

= 6 
tides foo HRemnmi sini Gs vor ee and 48 In the case of 
the above mentioned sulfonyl derivatives may signify 
Dasemsubstutuent stackings sUherfact that the sultony 


compounds exhibit this stacking in DMSO-d; while dinucleo- 


tides do not may result from the smaller distances involved 
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inthe case of the sulfonyl compounds and thus stronger 
interactions. The same effect is observed on the protons 
of the aromatic substituent. Although the anisotropic 
effect of the base causes some shielding of the 2' sub- 
stituent (see mesyis, besyls, p-methoxyphenylacetyls and 
p-methoxybenzoyls) there is an increased shielding effect 
LOtj lune .2 -{0sbosytsenisyleandsaminosyue Thissagainesug— 


gests overlap of the base and the 2!' aromatic substituent. 
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Cie stateeel what EMo Ec UNG gle sw al 
Aone GENERAL PROCEDURES 

Melting points were determined on a Reichert micro- 
stage apparatus and are uncorrected. Nmr spectra were re- 
corded on Varian HA-100 and Brucker 90 spectrometers with 
GMs as jreference-... Uv spectra, were recorded. won. Cary, 15 
or phy e wWiniican SP 1700 spectrophotometers,. + Optica): rota- 
tions were determined with a Perkin Elmer Model 141 polari- 
meer atsengiia hl Osc aliem! microcelise  vGdryspectra-iwere 
recorded on a Jasco Optica} Rotatory Dispersion Recorder 
with ecanvSS-20=2 modification using aclmm-celles | MeOH’ used 
for uv and cd spectra was spectral grade. Dimethylforma- 
mide #(DMF)), used-sfor optical notations. was distil led from 
calcium hydride under reduced pressure at <40° and stored 
over Linde 4A molecular sieves. . 

Mass spectra (ms) were determined by the mass spectro- 
metry slabanater y on AE MS=—2icor (MS=9 sindstruments:jaite,/0 eV 
us img cai dimnect: prove. “Mass spectraicare quoted) as perm cent 
ne hativie gin tens. ity-of, sthe most pintense Lon sat anhe 2.134. 
Elemental analyses were determined by the microanalytical 
laboratory or by Schwarzkopf Microanalytical Laboratory, 
WOGdsahdeueNGw YOniaes Watet 0b shy.dGatlonwas eVetmiiEedain the 
nmr spectrum. When DMSO-d¢ was uséd gas osolventca stblank™ 
waserecomded Gand the wrelatiive intensities cof the H,0 and 


DMSO-d¢ peaks iwasticaliculateds) She samoumtiof H,0 in, athie 
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sample was then determined by subtracting this blank value 


From the integrated H,0 peak. 


2 
TLC was performed on Eastman Chromatogram sheets (silica 
gel No. 13181, indicator No. 6060) in the solvent system 
indicated. Developed chromatograms were evaluated under 
Loy A light. Preparative scale TLC was performed on 
plwmmethbek Merck silica gel (Gke254y (20x 20 cm) plates. 
Evaporations were carried out using a Buchler rotating 
evaporator with aspirator or oil pump vacuum at <40°. Co- 
evaporations were effected by adding the specified solvent 
and re-evaporating. Hydrogenations were accomplished 
using a Paar shaking apparatus at room temperature at the 
specified hydrogen pressure with Matheson, Coleman and 
Bell 5% palladium on carbon as catalyst. Tien =buty iin 


5) 


hydride solution was prepared by the Holy modification 


165 


of the original procedure. Column chromatography was 
performed using J. 17. Baker No. 3405 silica gel (except 
as noted, where Herst: Gebr. Kieselgel was used) or Woelm 
1) alumina. Electrophoresis was performed on Whatman 
number | paper using a Savant flatplate apparatus (HV- 
3000 A). Descending chromatography was effected using 
Whatman number | paper. The procedure used to make the 
Whorate solvent, sys tem 168 was: | M ammonium acetate 


containing 0.01 M ethylenediamine-tetraacetic acid di- 


sodium salt was adjusted to pH 9 with ammonium hydroxide 
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and saturated with sodium tetraborate. This solution 

(60 ml) and 90% EtOH (140 ml) were mixed and allowed to 
stand for 1 h. The precipitate which formed during this 
time was filtered before use. Solvent system E (SSE) is 
the separated upper phase of EtOAc:n-propanol:H,0 ee ere 


(by volume). Diffusion crystallization, which has been 


6G a1:67 


modified in this laboratory was effected by allow- 
Ing sa concentrated solution of the nucleoside in the 
first mentioned (dissolving) solvent to stand in a desic- 
cator containing a large volume of the second (diffusing) 
solvent (in which the material is insoluble) at room 
temperature and the resulting crystals were collected by 
filtration. 

Pyridine was refluxed over and distilled from calcium 
hydride before use. Toluene was dried using sodium wire. 
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p20 lioxaneswas purified as, described by Vogel. EtOAc 


Z 


Sfevesttdriedhat?200°). fOtherysolvents used weresofgre- 


wasmafstiilled fromeP 0; and stored over®Linde 4A molecular 


agent purity and were distilled before use. Pivalyl chilor- 
ide, methanesulfonyl chloride and SOCI, were distilled 
before use. )Alloreagent.solids»were recrystallized'| before 
use. The 3'-O-methyladenosine and 2'-O-methyladenosine 
were prepared as Tene ee 4 Adenosine was purchased 


fromaRaylotChemicalss Ltds,« Edmontonj, Alberta. Dried ves 


Fouron kindly provided the 9-(8-D-xylofuranosyl)adenine. 
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Bx AYOROLYSES 

Acid catalyzed hydrolyses were effected by dissolving 
a sample of nucleoside in a solution of 1,4-dioxane: 2.5 N 
HC) (3:2) to give a final substrate concentration of 
2 os 10? mole/ml. Samples (20 ul) were injected into 
small glass capillaries (sealed at one end) and the other 
end of the capillary was then sealed. The entire set of 
capillaries was submerged at "t ~ 0" into a 10 gallon oi] 
bath at 81.40° + 0.05° (checked with a Hewlett Packard 
2801A Quartz Thermometer). At recorded intervals these 


capillaries were removed and rapidly submerged in a dry 


ice, acetone bath. 


ANALYSIS OF HYDROLYSES 
Merhiod A 

The capillaries were opened and the contents applied 
to a strip of Whatman #1 paper which was developed in 
isopmopanol :H,0 :.concentrated ,aqueous NH. (7 4.2 4 1) cor 


2 3 
else, ELOH cole Or (Jen3) a1 Lhe.approprieate.spotSawepescut 


2 
out and eluted with 0.1 N HCI (4 ml or 6 ml depending on 
the extinction coefficient). The resulting uv absorption 
maximum of the solution was recorded and a blank value 
(obtained from an identical size piece of chromatography 
paper treated in an identical manner) was subtracted. 


The quantities of substrate and product were then calcu- 


lated. 
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Method B 

The capillaries were opened and 0.2 Wl aliquots were 
analyzed using high performance liquid chromatography 
(HPLC; Tracor 5000 chromatographic pump), employing a sil- 
ica gel column (1 m x 2 mm 1.D.; Reeve Angel PPC41 HS 
Pellosil) with isoprcpanol : H.0 : concentrated aqueous NH 


Z 


Ciljcl, (350: 1:2: 647) as solvent. The areas under the 


3 : 


respective peaks monitored at 254 nm were determined using 
a Mini Lab Integrator (Model CSI 38 Digital Integrator; 
Columbia sgscienti Lic industnies). -Agsimilageanalysussor 
the data was carried out as described above. 

The equilibrium time (~12 seconds) for 20 pl of the 
hyd rod ysirs, solvent «| p-dioxane ¢.2 45 INCHC lie ea2)heto reach 
81.4° was determined using a thermocouple (Biddle Grey 
lnstruments TC Potentiometer) in an open capillary tube 
under the experimental conditions. Therefore, a "t = OQ" 
time of at least 30 seconds after immersion of the samples 
in the bath was used for the adenosine ether derivatives. 
Each subsequent determination was corrected for the amount 
Ol enyanolysus Occurring up torthat ‘sts OL time. ins 
Correction was Negligible with ‘the sultonyl ester deriva- 


tives wry, longer halt lives. 


Derivation of the rate "equation: 
Two possible explanations for the phenomenological 


first order rate constants (k') observed are: 
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86. 
A All productive hydrolysis events proceed via a minor 


protonated form in low equilibrium concentration. 


k 
neath SS ARH* 


k_ | 


k. 
Ag Pe He _ BRH* 


k-2 
wk 


BRH ———® Products 
: : : + ; 
Where AR = adenosine derivative, ARH = major protonated 
+ 
species, BRH = minor protonated species which undergoes 
hydrolysis, k, and ky = rate constants of protonation and de- 
protonation of major protonated Species, ky and k_» = rate con- 


stants of protonation and deprotonation cf minor protonated species, 


Ky = rate constant of hydrolysis of minor species. 
k k 
+ - + 
[ARH ] jeep [AR] [H'] and [AR][H ] = 4+ [BRH ] 
: 2 
k.k 
A 4 + 
cone yh [ARH] = C ~ [BRH’ ] 
2 
2 2 
2, “SEAR 2 [u*} fan] - k_,(ARH*] + k,[H*] [AR] 
dt ¢ 
- k_,[BRH ] 


+ 
Assuming a steady state for ABRHa) 


-d{BRH ] _ + see dene : 
i = kL, [BRH ] + k,[BRH ] k,[H ][AR] = 0 


ae ; A 
pee aleRH. I = ee [H ] [AR] 
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Sen Gy Sat Nod, [H"] [AR] 
dt ee Ky 
or 
SCART e ae Py ee 
ae k' [TAR] where k! = Tr ee [ ey a] 
mee d 
B Hydrolysis proceeds in accordance with the more com- 


plex equation derived by Zoltewicz 95 which included mono 
and diprotonation equilibria and rate determining A-1] hyd- 
rolysis of those cationic species. 

rate = kyts], Orehatec= k'[s], where k!' = ky 


95 


and py is the derived expression containing mono and di- 
protonation equilibrium constants, hydrolysis constants 
and hydrogen ion concentration. Under the conditions 

in wtiis) thesis [s], = [AR] (measured after neutralization). 
At constant hydrogen ion concentration [which is closely 
approximated in the 1 N acid solution with ~0.02 NECon- 
centrations of nucleosides which give product adenine of 


170, 


comparable basicity (pK_) » both treatments reduce to 


the same phenomenological pseudo first order rate constant 


k ‘2. 
k' [ar] = ~StARI 
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For Method A: CA =k Je of adenine 
max max 
CAR a= econ ae, of nucleoside substrate 
For Method B: [A] set equal to HPLC integration of 
adenine peak 
[AR] = integrated nucleoside HPLC peak x 


normalization factor 


Cock ate of adenine 


normalization factor = peta Seon aieostde 
254 nm Of nucleoside 


to correct to the same molecular ratio at the detector 
wavelength. 

Comparisons involving the different derivatives are 
assumed to be valid since the stock acid solution and 
conditions of hydrolysis were identical and equilibrium 
acidity constants for sugar-substituted adenosine deriva- 
tives [which hydrolyze to the identical product base 
: 170 
(adenine)] are closely comparable. 

Table 1 contains the values for k' and Table 3 the 
€ values used for the normalization factor. The 

254 nm 


Appendix contains the experimental hydrolysis data, method 


of data treatment, and paper chromatographic Re values. 
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TABLE 4& 


Extinction Coefficients at 254 nm of Sugar Substituted Adenosine 
Derivatives 


— 


Abbreviated Name Compound Number uv €max at 254 nm in 


HPLC solvent 


Adenine iL 10,800 
ZO =Methy | 32 13,400 
3'-0-Methyl ea 13,600 
ee Opcenzy || 47 12,100 
3*=0-Benzy! 46 13,600 
22-0 -MNesy| 34 P2530 010 
BUEN es vil 35) 125000 
2'=O-Tosy!] BO) 105300 
oe OOS Ya Bs) 12, 0:00 
Ze a0sbesy | 36 E2200 
3'-0-Besy| 37 12,700 
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C. SYNTHESIS 


9-(3-O-Methyl-5-0-triphenylmethy]-B-D-ribofuranosyl )adenine 
(18) 

TOpasStirredasolution ot 6.3650 9(0.0227 mole )motro— 
(3-O-methy1l-8-D-ribofuranosyl)adenine (dried by repeated 
evaporation of dry pyridine) in ~100 ml of dry pyridine 
was added 5.7 g (0.0204 mole) of triphenylmethyl chloride. 
The solution was heated, with exclusion of moisture, for 
2 h at 100° in an oil bath and then cooled. Pyridine was 


evaporated to give a volume of ~50 ml and this solution 


was poured into 150 ml of saturated, cold, aqueous NaHeo, 


solution. The resulting mixture was extracted with 250 


ml of Bu lne The eUselis, extract was washed with 75 ml of 


Saturated NaHCO, solution, dried over anhydrous Na 


3 


and evaporated to dryness. Residual pyridine was removed 


eh 

by coevaporation of dry toluene (2 x 100 ml). The result- 
ing yellow amorphous solid was taken up in a small amount 

Of GHel-uand applied to a silica gelycolumn (555 % 40ccm, 


3 
300 g) packed in CHCI.,. The column was washed with CHC] 


3 2 
(422 1) to remove all of the triphenylmethanol and pro- 
duct was eluted with MeOH : CHCI, Cleeeezet) ee hivesmt tS t 
125 lof eluate was discarded and the following 1.8 1 was 
evaporated. “crystallization of the residue fromeacetone 
gave 5.92 g (50%) of 18. The original aqueous NaHCO, 


layer and extracts were combined and continuously extract- 
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amvirelid sot 165.54. fOr 18, based upon recovered starting 
material. Pure 18 had mp 120-122°; uv (MeOH)max 259 nm 


(27165300), min 240 nm (e 9,000); nmr (DMSO-d) 6 3220) (me 


t tl t i 
yas H? . H? )aieis ba Shy PC ee aie Ie OCH), oOo (me 25 4? 2 ut Ye 4290 
(m, Denver = 48 Hz, eet = 6.0 Hz, Jorg: eS Hz. 1, 
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388 (0.08, w), 280 (100, M-Cgo,), 264 (3, c), 243 (56, Coz), 
2mm Sess ee 259s (A) 220 (6) a 215 (4) 202025) eh 90y UIs) 
iS Gmc lit>: elo 5. 6O5 Co, =i). gs SOME a2.) pe) nr NO 22: peel ney nbs 
£ys-136 (55, B+ 2H), 135 (16, B + H): 
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9=(2-0-Acety1“3-O-methy!-B-D-ribofuranosyl))adenine (20) 


le Somes th Ged solution, of 16 el igi(0.0155 mole iiot w6, 
(dried by repeated evaporation of dry pyridine) in ~80 mi 
of dry pyridine, cooled in an ice bath, was added 1.72 
ml (0.0155 mole) of acetic anhydride dropwise with exclu- 
sion of moisture. This solution was stirred for 18 h at 
5° and a further 0.15 m! (0.014 mole) of acetic anhydride 
Vasmaddedis @Atter 20h stinning at) 5., athe reaction Iwas 
allowed to warm to 19° and 0.5 ml (0.0045 mole) of acetic 
anhydride was added. After 1.5 h at this’ temperature, 
tHhesneactilon mixtune was, poured, with stirring, into e200 


ml of ice water and extracted with CHCI3 (3) x 610 Omi eee ie 
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combined organic phase was washed with cold 10% NaHCO 


3 
solution (100 ml) and H,0 (100 ml) and then evaporated 
to dryness. Residual pyridine was removed by coevapora- 


tion with dry toluene (2 x 50 ml) leaving 8.45 g of 9- 


(2-O-acetyl-3-0-methyl-5-0-triphenylmethyl-B-D-ribofuran- 


osyl)adenine (19) as a white amorphous solid; nmr (CDCI) 
Seer keS. Os OCOCH,), 3.36 (m)overlapped by OCH,), i 
ee 330 Seo OCH,), 3 oom (CROnedE Jeng: =/l0R5aHz, 
Deer a oe eiiz al 12 Hed) ee so 29) (pulp te) aphies Sure 
bee Fy sa1 ey Sine ps 1 Hen Secs hes oer ee 
a es bia etc eating) 6640.78 (bre ue ONE emer G 
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Co.) 2 iliO. ees Om CG) 2 220 © lil) Rome? 1, Sonne) eee Oeics 
cOCH,), DO 4 Heys) ae COZ an OD ae Oy mn 2ae w-Co,), 1787. d= 
COCH,), 165 (100, Co,-%), V6 4 Che HD) BUS 2a 5) ee lee ae 
Gye 39m Oo) eel 3Gm (4s Bat 2H)' 2135 2A eB tHe 

The solid 19 ie S808 g) was dissolved in 100 ml 
of 80% aqueous HOAc and heated at 100° for 15 min with 
Stirrings  ohtespalie yellow solution was poured *into 300 


ml of cold H.O and extracted with Et,0 (2 x 200 ml). The 


2 Z 
combined organic phase was back-extracted with 10% HOAc 


(3 x 100 ml). All the aqueous layers were combined and 


evaporated to dryness and the product was crystallized 


92% 


firom 98) BLOH to give 4.09" (81%) "of 920 mp "21455 > 215755 
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uv (MeOH) max 259 nm (€ 14,300), min 227 nm (€ 1,600); nmr 


Sie Dey leh = s . OCOCH,), 3523 5° MS oe Ce 


3 
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), 3.68 


SOHatiee He?) = 6.0 Hz, 1, (5)'+ rad oe - 
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HOCOCH,)), 2200 (2h id) 5 204s {12 ee yi 02 945 rho Go. 
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VEG (16, £), 146 (5,s-COCH,), 136 (100, B + 2H), 135 (65, 
B + H). 
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9- (3-0-Methy1-5-0-pivalyl-8-D-ribofuranosyl )adenine (22) 
| To a stirred solution of 3.9 g (0.0121 mole) of 
20 (dried by repeated evaporation of dry pyridine) in 

125 ml of dry pyridine, cooled in an ice bath, was added 
2.3 ml (0.018 mole) of pivalyl chloride dropwise with 
exclusion of moisture. The solution was stirred for 18 h 
at 5° and poured into 300 ml of ice H,0. The aqueous 
solution was extracted with CHC], (2 x 150 ml) and the 
combined organic extract was washed with cold 10% NaHCO, 


(2 x 150 ml) and H,0 (150 ml). The CHCI, solution was 
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evaporated to dryness and coevaporated with dry toluene 
(2 x 50 ml) and 98% EtOH (50 ml) to leave 5.09 gvor 9= 
(2-O-acety1-3-0-methyl-5-0-pivalyl-B-D-ribofuranosyi) 
adenine (21) as a white solid containing about 20% of 
6-N-pivalamido-9- (2-O0-acetyl-3-0-methyl-5-0-pivaly1l-B-D- 
ribofuranosyl)adenine by mmr. Spectral analysis of the 
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The solid (less 0.1 g) was then dissolved in 125 ml 
of 95% EtOH and 100 ml of concentrated NH, (aq) was added. 


Mers=esopuctrom was esticred' at 24° (for lcS +h; tevaporated 


to a small volume and mixed with 150 ml of HO and 300 ml 


Z 
of CHCI.. The CHC], extracts were combined and washed 
wrth cold oz NaHCO, (200 ml), H,0 (200 ml) and evaporated 


tagdryness. 8 lhe resulting oll was crystallized from ace=- 
EGne (i pentane, desiccator) and the resulting solid was 
recrystallized in the same manner to give 2.42 g of pure 
22. The mother liquors were again treated with concent- 
rated NH, as above and after analogous workup and 
Crystaliizacionm vyrelded a further 0.67 9 of 22. s]ihe 


mother liquors from this crystallization were again 
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total yield of 3.47 g (78%) of 22. The pure material had 
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9- (2-Chloro-2-deoxy-3-0-methy]l-5-0-pivalyl-B-Q-arabino- 
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furanosyl)adenine (23). 


To a stirred solution of 0.5 g (0.00135 mole) of 22 
(dried by repeated evaporation of dry pyridine) in ~30 ml 


of dry pyridine, cooled in an ice bath, was injected 
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(through a septum) 0.5 ml (0.00695 mole) of SOCT, with 
exclusion of moisture. The resulting red solution was 
stirred for 30 min and after warming to room temperature 
was placed in a 120° oil ‘bath for 1 hw. After 5 min at 
120°, the reaction turned black in colour. The black 
solution was poured into 150 ml of ice water and extracted 
with Et,0 (3exeiz25emiji. The combinedmorgqanic extracts 
were washed with cold 10% NaHCO, (29% 150 mi) and Ho 
(150 ml) and evaporated to dryness. Coevaporation with 
toluene (2 x 50 ml) removed residual pyridine. The dark 
brown residue was taken up in a small amount of hot 98% 
EtOH and filtered. On cooling a brown, non-nucleoside 
precipitate appeared which was also filtered off. The 
resulting EtOH solution was then evaporated to dryness, 
dissolved in a small amount of CHC], and applied to a 
silica gel column (30 g) packed in CHCI,. The column was 
then eluted with MeOAc. The first 165 ml of eluate was 
discarded and the following 130 ml was evaporated to 
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9- (2-Deoxy-3-0-methy!1-8-D-ribofuranosyl )adenine (24) 


Toma Sommeronvon 75 ml Of edyep yi dinesand 0. ose! 
(0.00792 mole) of SOCT, in a 500 ml three necked round 
bottomed flask, fitted with a mechanical stirrer, dropping 
Funnel. dry No flow and in an ice bath, was added 0.58 
g (0.90157 mole): of 22 (dried by repeated evaporations 


ef pyridine) in 100 ml dry pyridine dropwise over 15 min. 
The resulting solution was stirred for an additional i0 min 
andethe Gesulting red solution was then put into a 120> 
Oplepath foray) b.wt As7 in thesother reactions, athessouu tron 
turned black after about 5 min. After |} h in the oil 


bath, the reaction mixture was poured into 75 ml of fice 
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bined Pael extracts were filtered and evaporated to dry- 
ness. Coevaporation of toluene (2 x 50 ml) removed resi- 
dual pyridine. The black residue was taken up in a smal] 
volume of CHCI, anid -absorbed on 3g Of Silica gel which 
Was applied to the top of a dry-packed silica gel column 
(1.6 x 36 cm, 25 g). The column was eluted with MeOH 
CHC13 (1:19) and after the initial 25 ml of eluate was 
discarded, the next 50 ml was collected and evaporated to 
dryness. 

The resulting oil was mixed with 25 ml of dry ben- 
zene, 0.01 g (0.0061 mole) of 2,2'-azobis(2-methy) pro- 
panenitrile) and 5 ml of tri-n-butyltin hydride solution 
in benzene ( 0.005 mole). This orange coloured mixture 
was heated at reflux for 1 h and another 0.01 g (0.00061 
mole) of 2,2'-azobis(2-methylpropanenitrile) was added. 
After a further 2.75 h at reflux the pale yellow reaction 
mixture was cooled, concentrated to about one third of the 
volume and slowly added to 200 ml of n-pentane. The re- 
sulting precipitate was filtered off and dissolved in 
Ee and the CHC], evaporated to leave a pale yellow 
amorphous solid. 

this solid was dissolved (in 25 >ml fot MeOH containing 
Pe25o 9g 02054) mole) of Na. After stirring tor O75 oh3 30 
ml of H,O was added and the reaction was neutralized with 


Zz 


HOAc. The MeOH was evaporated and the now aqueous layer 
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was extracted with MeOAc (3 x 30 ml). The combined organic 
extract was evaporated to dryness and dissolved in 50 ml 

of H,0 and 50 m! of n=pentane. The aqueous layer was 
extracted with n-pentane, concentrated, applied to a column 
(2.5 x 53 cm) of Dowex 1-X2 (OH ) resin and the column was 
eluted with HO. The first 460 ml of eluate was discarded 
and the following 490 ml was evaporated to give an overal] 
yield of 0.00029 moles (18.6%) of 24 by uv analysis. This 


product was crystallized from 98% EtOH (n-pentane, desiccator) 


to give 0.059 g (14%) of 2h. 
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Preparation of 9-(2-Deoxy-8-D-erythrospentoturanosy! jc 


adenine[2'-deoxyadenasine] (10) and S-(3-Deoxy=B-D-erythro- 


pentafuranosyl )adenine[3'-deoxyadenosine;cordycepin] (31). 
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(lowarstirced solution Of) 1953 (gu 0.0 59mo les) cot 
9-(2,3-O-methoxyethylidene-8-D-ribofuranosyl)adenine (259 
IR SUING (dried by repeated evaporation of dry pyridine) 
in 100 ml of dry pyridine, cooled in a salt-ice bath, 
was added 0.05 g (0.0004 mole) of 4-dimethylaminopyridine 
and 8 ml (0.085 mole) of acetic anhydride, with exclusion 
Giime@isture. Arter stirring for 50 min, MeOH) (50) ml) was 
added and the reaction was stirred for an additional 30 
min and evaporated to dryness. Toluene, 98% EtOH, and 
CH Cl, were coevaporated several times to remove residual 


2 


Solvents .An nnt=spectrum (DMSO-d) ‘of (0.05 g "of the esi 


6 
dual amorphous solid (20.6 g) showed the desired 9-(5-0- 
acetyl-2,3-0-methoxyethylidene-B-D-ribofuranosy! )adenine 


(26) in a diastereomeric ratio (due to methoxyethylidene) 
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98% EtOH and toluene were coevaporated several times to 
remove residual acid. An nmr spectrum (DMSO-d; ) Of e007 7 
g of the resulting amorphous solid (22.379) showed: 9-(3,5- 


GieUracety!-s-D-riboturanosy|)adenine (27). 0 5-05 ttue 
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was ~37% 28 and 63% 27. A mass spectrum contained the 
expected molecular ion (Calcd for Cyt 85%, = S577 9s 
Found: 351.1176). 

A 0.96 g (0.0025 mole) sample of this mixture was 
dryed by repeated evaporation of dry pyridine and dis- 
solved in ~100 ml of dry pyridine. This solution was 
cooled to 4° and added dropwise to a solution of 1?.1 ml 
(0.0153 mole) of SOCI, in 75 ml of dry pyridine which 
was mechanically stirred in an ice bath under a flow of 
dry N. and exclusion of moisture. Stirring was “continued 
for 20 min. The solution was then stirred vigorously in 
anol le bathetor 30 min ate 120°. 9 The resulting bDilack 
solution was poured into 50 ml of ice water and extracted 


with CHCl (3°x 75 ml). The organic extracts were 
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evaporated to dryness and toluene was coevaporated several 


times to remove residual pyridine. The residue was 
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adsorbed on 3 g of silica gel and the resulting dark brown 
powder applied toea silica gel column.(1.8 ~% 20° cm; 25.q) . 
The column was eluted with MeOH: CHOCI, (1 219) 2 cAf ter the 
First 40 ml of eluate was discarded, the next 70 ml, con- 
taining product slightly contaminated with starting mater- 
ial, was collected and evaporated to dryness. A further 
480 ml of eluate containing starting material was collected 
and evaporated to dryness. Uv spectroscopy indicated 

that eO.00075 smote of product. (mixturesot, 24) and. 3 "och loro 
compounds) and 0.001 mole of starting material had been 
collected. The starting material was dissolved in CHOI. 
and=precipitated upon slow addition to n=-pentane to yielid 
0.350 g of solid material. The yield of mono chlorinated 
product, less recovered starting material, was 492%. 


An nmr spectrum (CDCI /D,0) of the product gave a 


3. 
ratio of 9-(2-ch!ioro-2-deoxy-3,5-dis0cacety | =8-D-arabano. 
fumanosy ljadenine (29) 9-(3-chloro-3—deoxy 2 5-di-O0=acetyl- 
B-D-xylofuranosyl)adenine (3.0 Rot a-e em Oe Oso mde es 
] i] 
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Mass spectrumsot Ghisymixture contained) thesexpected yiole- 
Culareions, (Caled for C14, Np. 35¢1: 369.0841; Found: 
369.0841). 

The total product (0.00075 mole) was dissolved in 
dry benzene (10 ml) and 0.025 g (0.00152 MOLE) Ot eens 
azobis(2-methyl-propanenitrile) and12.5 ml of tri-n-butylt- 


tin hydride solution in benzene ( 0.0125 mole) was added 
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103% 


with stirring and exclusion of moisture. This mixture was 
heated at reflux for 4 h, concentrated to ~5 ml and pre- 
cipicated upon slow addition to n-pentane (400 ml). A 
mass spectrum of the precipitate contained the expected 
molecular ons (Caled for Cyy4 7NcO;: 335.1230; Pound 
Soa ea he 

The precipitate was dissolved in 98% EtOH (25 ml) 
and concentrated aqueous NH, (VO ml) “and stirred fore 23° hf 
at room temperature. The solution was evaporated to 
dryness, dissolved in a small amount of H,0 and applied to 


a Dowex 1-X2 (OH ) column (72 x 2.2 cm). The column was 


eluted with 420 1 "of “H.0,. 2.0° 1s0f MeOH = HOO) (1 =. 99Re1.6 


2: 2 
1 of MeOH 7 H,0 (Ses le Sel areMeOH : Ho (6224) anda 
of MeOH? He0 1(9°3 1). After the first. 3.5 | ef eluate 
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wase discarded, 125. 1 of eluate containing pure 10° was 
collected. A further 1.1 1! of uv transparent eluate was 
discarded and then 0.75 1 of eluate Serene PIUere sil 
was collected. A further 2.5 | of uv transparent eluate 
was discarded and then 0.7 1 of eluate containing adeno- 
sine was collected. Analysis by uv showed 0.0004 mole 
(26.6%, based on recovered starting material) of 10, 
0.00027 mole (18%, based on recovered starting material) 
of 3 | and 0.000047 mole of adenosine. The solution con- 
taining pure 10 was evaporated to dryness and the residue 


was crystallized from MeOH (ether, desiccator) ‘tom give 
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0.067 g (17.5%, based on recovered starting material) of 


D0ee Patsemater ial had mp 1934 56-—194>- [a]7¥- 27 3B OG 


0.7, H,0); uv (H.0) max 260 nm (€ 15,200), min 226.5 nm (e 
eee2UOy uy (0.1 NHC) omax.257.5 nme Ce W500), ema 226 


WinmeCceeOU0 le euy. (0211 N NaOH) max 260 nm (€ 15,200), min 


22 etme \erc26 100) saenmr (DMSO-d -) 6 22.269 d “otud cone dy 

Seen a3 knee Joes = O.0eHz. dorigs = 2). 39> HZ heel, 42" 
Ze (d of dof d. Jone ues U3el Nenad ewes (oOmuze 
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(hig ss 2,6-NH,), Ci 3e 0634 (Ss 2silaleahe ns oy ose Cece) 
m/e 251 (2.5, M), 234 (0.4, M-OH), 233 (0.5, M-H,0), 221 


Cee) 2220. (Once OCH). o2.0x COTE Sc) al Ol 02).00F 1.90 
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D649) ), ot/9 (0.6), 178 (0-3, 1), M64 sale h), 162 (38, e), 
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The eluate containing pure 31 was evaporated to 
dryness and crystallized from 98% EtOH (Et,0, desiccator) 
LOmgive,. iny two crops: OV043>q (112 based on Tecovered 


starting material) of 31. This material had mp 210 - 


Zee [a] 2". Lone Sco 0% 75, Ho0)5 uv (H,0) max 260 nm 


(cul ieGoovee min 227 (2°22 5700)5 Uv) (O21 N HCl) max 250° nm 


(ce 14,500), min 230 nm (e€ 3,300); uv (0.1 N NaOH) max 260 
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Evidence for arabino configuration for 29 and xylo con- 
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figuration for 30 


To a crude mixture of ~0.075 g (0.0002 moles) of 
29 : 30 (~3 : 2, prepared as given in the above procedure) 
was added 98% EtOH (19 ml) and concentrated aqueous NH, 
(Srleetthis solution was ss titrred: for 3; h' amd ithe reaction 
evaporated to dryness. EtOH (98%) was added and coevapor- 


ated (4 x 20 ml) to give a yellow amorphous solid which 


was applied to a silica gel column (1.4 x 17 cm, 35 9) 
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106. 
wet packed in BC The column was eluted with MeOH 
CHCI, Cl: 9) The first 25 ml of eluateswas discarded 
and the next 15 ml was collected. The following 12 ml 
was discarded and the next 20 ml was collected. 

The first 15 ml collected was evaporated to dry- 
ness and proved to be 9-(3-chloro-3-deoxy-8-D-xylofurano- 
syl)adenine (55) containing a small amount of 9-(2,3-an- 


hydro-8-D-ribofuranosyl)adenine (56) (epoxide formation 


could be prevented by deblocking with MeOH saturated with 


NH, and kept at O° or lower). Ve7 


(OHISOSGE I oF AG ee. a nome Teel 8° (ane oe aed Ea 


PCM al ies) m5 128. (br shel OH) eso /anCd eee 
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NH), oh coal Towa Mara head ACOs eat feria bec 2 ou’) which was) identical) to 


135 


This material had nmr 


an authentic sample. 
The second amount collected (20 ml) was evaporated 
to dryness and proved to be SoZ chlonre-2 deoxy.) aiha- 


binofuranosyl)adenine (57). Some material that crystal- 


lized directly from the column eluate had mp of 242.5 - 


243° and was not depressed when mixed with an authentic 


179 


samp le 1ot  5)/. This material had nmr (DMSO=d,) Gas LL 
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(3.5, W-C1), 233 (1), 220 (8,c-Cl), 218 (1), 213 (2, 7 +H), 
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AE ele Cia eled Came Sree ed) e041 QOD Sey lee 127 Sea Las ie liyiae eas)», 
GOT (een enol Mt) Pen Gly (2) SGO (2 a5 )ben Tomiie) em 148 
(Qe ipa aS (1) 19600924598 + 2-H) 135 (100, B + H) which 
is identical to an authentic ESpetie. poe 

Both chloro samples (55 and 57) could be converted 
to the epoxide (56) by treatment witn NaOMe in MeOH. This 
SGC uhertcont trams theicetrans contuguration atethe 2 ‘and 3 ' 


positions. 


9-(2-0-Methy1-5-0-triphenylmethyl-B8-D-ribofuranosy])ade- 


nine (33) 


louamstiitered solution Ot) loe9%g (0.0601 Mole) For 
9-(2-0-methy1-6-D-ribofuranosyl)adenine (dried by repeated 
addition and evaporation of dry pyridine) in ~200 ml of 
dry pyridine’ was added 20.1 g (0.072 mole) of triphenyl- 
methyl chloride. This solution was heated to 100° for | 
h with exclusion of moisture and then poured into a 
Stimseawmxture of 300) ml, of CHCI, and! 300m!" of “cold 102 
MOLE og The organic jiayer was separated and the aqueous 
layer extracted again with CHC], (100 ml). The combined 
organic extracts were washed with cold H,0 (100 ml). The 
aqueous layers were combined and extracted with a further 
Oana eso: CHCI3. All the organic extracts were combined 


andvevaporated to dryness and coevaporation of the residue 


with toluene (2 x 100 ml) removed residual pyridine. 


The aqueous layers were collected, concentrated 
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108. 


to 300 ml and extracted continuously with CHACI, EO [give 


back i156 9) (0.0055 imole) ‘of startimgumatertal. ‘The 
residue from the evaporated organic phase was taken up in 


a small volume of CHA CI, and applied to a silica gel 


(Begr. Hermann, Kieselgel) column (7.5 x 61 cm, 1000 g) 


packed in CH, CI The column was eluted with CH cl, (S27 


TRS oe 


1) ‘and then MeOH » CH.Cl, (1 + 24). - The first 0.7 1 of 


De ee 


eluate was discarded and the next 0.8 1 of contaminated 
product was scoilected. “A further 2.59 \) was collected, 


evaporated* to dryness,-dissolved in GHACl. (100 ml)) and 


Zone 2 
precipitated trom n-pentane (188) sto give 1475 sqeo 1.35. 
fhe N=pentane solution was evporated to dryness ama the 


residue reprecipitated to give an additional 0.45 g of 


33. 

The G26 Tof Impure prodUct was purified by Simi lar 
chromatography on a second column (700 g) to yield an 
additional 7 9G -0te 33-9 The totale product iwas -collectedand 
drted in vacuo over Caso), and paraffin, to yield 20.07 q 
(0.0382 mole) of 33. The overall yield was 70% based on 
recovered starting material. 

This product was crystallized from Et,0 to give 
crystals with mp 117 - 118°; uv (MeOH) max 258 nm (e 
ISe400)c nin 240 nm) le 8700). nmr (DMS0=d7) eo 3237 aim, 

5 (overlapped by H0 peak) = OCH,, fo can Melo ney an Cis whe. 


Pai (eos io tno ye S27 brass et SusOn uaeo, 
ie. a 
- 2! = Shall Hz i H is IE SPAS (m, 17, C3, 6 NH), 


v. 
, i? Mr Avie, yi 


ib A ee 


- 
® 
ot 


in Per. 
ae "4 tin 2200.0) 
fivd ay bas sfeny ne - eisaay 


(ao AS71442) nh OF Bi i aa h ai 4 a {6 Gee om o. } 
av a) ; 7 s 
. ; ; 7 
Cy n’ a vee’ GANT suntthes eC! we®+3 , teers 
7 \ ry (aw Wail 7 it ' 
‘ Snr | 2 } BS | : . 
ee Lot ed 46 
a | : 
ito ae. Lune ty? .bbrnetts 
: 
ei o; J ib ewihete ea de, ; ay stad ye 
it 
a oe | 
an: ayn SoS iNeed] bates 
( . Tae 
} ' 7 1 hy oo" j ioc, [ £4 
ad 
; ; orr cer i | 
ry j , j yi har iN va ‘y DICH) LM wen ul 
we ody 
nt 
} , 
Polity Ss lator 
‘ y ee | ’ ’ i ‘) oma 
t ‘ a4 
“ 
) é j ( ey 
“< “4 a , 
i 
4 
A B) i so4 14) 52) Sap iw 
- 
7 aay | adj = 5 ce 
-. a Lite by deer a e 


os 60" 


nd af) ll’ : ta pie cep age 2p See - mt 
a & me *) a 74) + 
ts Mid - 


i grees Meas ie 


103: 


OEM ZG? OF sees | iets 2% oan MWS= 230 )em/ e525. (Ue oe Ny. 


BOUr Oo 7 Wes Or le5 4. 280° (008 M-Co,), 264m Vue M-OCo,), 
250" ( 2) c-Co,), 243 (100, Co,), 2206) 25” (ato e202 
Rein O2e eZee) yee 3 (eS), ty 7 ON ew) emele7G: *c2) el 6 Sees oe 
Co,-9), TO Ce See le w-C,), 136744, BU 2H) 135 
(10, B +H). 

Anal. Caled for C3 ofa ghe Oy: 
Moe EOUnC eC OG. ol: Hy 55:69 N eels oe 


Co) 60285" (Hw 5.50" N- 


9- (2-0-Methanesul fonyl-3-O-methyl-B-D-ribofuranosyl)adenine 


(34). 


Topagstinred solutionsof 90-5 9q™(On0D096 umole ion mia) 
(dried by repeated addition and evaporation of dry pyridine) 
(peel OomlSoftdry pyridine, cooled Sin an ice bathiwasuadded 
0.15 ml (0.00195 mole) of methanesulfony!l chloride dropwise 
with exclusion of mixture. After the addition was complete, 
the reaction was allowed to warm to 24° and stirred 
for a further 1.25 h. The resulting solution was poured 
into cold saturated NaHCO. (50 ml) and extracted with 


3 


cHCT, (2)x 50° ml)2 The combined cHCI, layers were washed 


with H,0 (50 ml) and evaporated to dryness. Coevaporation 
of toluene (2 x 50 mil) removed residual pyridine. 

The resulting amorphous solid was dissolved in 80% 
Hofer (s0enl)mand heated: ton l00;mtors 15: mingingen oii ebatn. 


After cooling,» }20cmleof coid H,,0 was added and the aqueous 


solution extracted with Et,0 (2ex760 mle 
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The combined organic extracts were back-extracted 
with 10% HOAc (3 x 40 ml). The combined acidic, aqueous 
layers were evaporated to dryness and residual water and 
acid removed by several coevaporations with 98% EtOH and 


Et,0. The*remaiming solid was crystallized from H,0 to 
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9- (3-O-Methanesul fonyl-2-0-methy1l-B-D-ribofuranosyl)aden- 
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ine (35) 


This compound was prepared from Bo) Using he Xa etl yer une 
Same procedure as for 34. 


Crystallization from H,O gave: 0.4257 q (752) of pure 
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35; mp 229 - 231°; [a]2* - 69.2° (c 0.97, DMF); uv (MeOH) 


H,O [1:9]) max 258 nm it b5,30C)2min, 224m: (e 2500)" suv 
(NeOHe: S02 TV NSHC I 1291) max 256°nme(e 85.500). win 227 

(e74300)5 uv (MeOH = 0.1 N NaOH [1:9])) max 258 nm (e 157000). 
mn 22tenme (e 2100) uv (00) NGI) "axe 256 nm (Ce 115,500), 


mim 227 nm (ce 3400)% nmr CDMS OS dye) 6332985 One OGH 


6 oh 
SO,CH,), 3.71 (m, 2, He eee tie jy ees ree (mate Hi yy AT 
Bt 

Cd*of <d- Jou Bal tie eb laee Jou 3: = Seb Hive saan ee 
Beale (dof “dh od eee 5.0 Hz, J3 ee EDM ae le 

3 tbe dt ~ ieee ( 
pet ae b Ae ay ene PUSS ean Sy eee br Oe HZ eee) 5a O Hii nko OGe ud 
Jan coher el A Ze ble 1 Wty desi (Cie es ee 6-NH,), sha, [Mey 


Cops Ounse ars alo lig Ho jartat) sms (i 7 O.njurm eps 5.9 (5 'ey ehh) mes Hile 
(Ou? M-CH.), DEO (DOs TOR: M-OCH,), 280 (25, M- 


SO,CH,), 264 (12..5, M-OSO,CH,), 26 32 M-HOSO, 


Mes )emes 4 oMi2 2x) eo 233)8( 26) cc HOS Chea? 3 Zahara NOCHE’ 


HOSO,CH,)), OD a(S. 25s maw) ta 2130 Ret) pen ee Omen 3 oan ye) Pete O 2am EO 


oom etl Oe (IO 5a od), ol ja C2 mtv) leno m2 (OCA H,0)), 


CH,), 248 


Gs) me Oe 5 y~O0CH,), EEN (Re ie URN Sy a Grins ai, 
Om bebe 2H) 8135 lOO s. BeteH a 
Anealeetia load. or Cy oH) oN, 0¢S: Cond OMal 0. eee ay eam 


Romo mec MES So 27ae Found 0. 39-4 shed OO; Ny onlSee25 wtcimeceu oe 


a} 
other 
a 1 


oi (oa aR 2" 


i ii! fy 4 
-s 
‘ i a 19 | i. =) is?” “Ss geagng, ent hia ENO? 
, 
utubea® 
; . 
. i é iP elena 
' : > = a¢ 
ie 
: ) Yi of 
: ) sh a a? (} a 
x ' r . 
j ” 5 : . 
A a : ; : 7 = a r 
‘| j j v< & ve Pa Vad) ‘ ° } bas sah is nie 
, ; F ‘Dredi ns Pk fit. §) rh oer 
e° -\ ~ 
4 : . 
‘ i 
‘ ; Q a s ~ 
t. 
. i \ | 
2. : ;, 
( * 
\ : ( i 
i ; 
4 ' : 4 ' @ 4 
- i 

> 5) ‘3 | eye 

- * 7 
) i. Ugh vi) #6 
4 
PP or WARES | 19 bee ema ve 
; r 


Oth SOR ty tee doen, (97 SE iee2] iss fl, 7h: 


‘ve = :" i) 2 cok @ ey By pe hs sil le 
Oe on) ie 0s ee ry (giaey a 1 evict 


a a 
ig pres 


Melee 
9~-(3-O0-Methyl~2-0-p-toluenesul fonyl-8-D-ribofuranosyl) ade- 
mine (30). 

To A Sstyrred solution of O75 gq (0700096 male) “ot 

18 (dried by evaporation using dry pridine) in ~10 ml of 

dry pyridine was added 0.276 g (0.00144 mole) of p-tolu- 
enesulfonyl chloride with exclusion of moisture. The solu- 
tion was stirred for 6 days at 24° over which period further 
quantities [2 x. 0,050 g (0.00052 mole) ] of p-toluenesul- 
fonyl chloride were added. The reaction was then poured 
Ito cold satulrated NaHCO. solution (50) ml) "and=extracted 


3 


with CHCI, (2x 60 ml). The’ combined organic extracts 


were washed with Hoo (2x 60 ml) and evaporated to dryness. 
Toluene and 98% EtOH were coevaporated from the residue 
several times to remove residual pyridine. 

The resulting amorphous solid was dissolved in 80% 
aqueous HOAc (30 ml) and heated to 100° for 15 min in an 
Oil bath. © The actd solution was di lured with H,0 (120 mt) 
aideextracred Witien=pen tame (5 x 80 ml). The aqueous 
solution was evaporated to dryness and toluene coevapor- 
ated several times to remove residual HOAc. The residue 


Wasmorystallized from 96% EtOH ' (Et,0, desrccaton) ito 


Z 
Give 0.291q (702) of 3o. “A Further (7 to 10csyrelid could 
Besobptaimed by capplying the mother liquor to asi Vica gel 


plate which was developed in MeOAc and the appropriate 


band eluted. 
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This. material had mp 241-242.5°, [a] 2" hoo tc ale O4. 


DMF); uv (MeOH : H,0 (1.9) )max 230.2260 nm (e112,9005 

iz, 100), min) 22ty 243 nm -(€ 10,900; “S700)- uv (Neon 

Ole New Cl” [1294 )mex9229,.257 nme sey 1138200-,.02,3'00)e ein in 
22 25a? 43 am (eel 2. O00 6400): uv (MeOH m0, | N NaOH [1:9]) 
Max 2305 200 nm 612.400; 12,000) min 2215) 243. nme 
NOeG0 059/700) av (On 1 ON HCl) max 2295257 mm we 125700: 
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9- (2-O-Methyl-3-0-p-toluenesul fonyl-8-D-ribofuranosyl)- 


_ A 


adenine (39). 


To a stirred solution of 0.5 ¢ (0.00096 mole) of 

a (dried by evaporation using dry pytidite) in: 1.0) ml of 
dry pyridine was added 0.276 g (0.00144 mole) of p-tol- 
uenesulfonyl chloride with exclusion of mixture. The 
solution was stirred for 7 days at 24° with one addition 
of 0.19 (0.00052 mole) of p-toluenesulfonyl chloride after 
3 days. After this period, the reaction was poured into 
cold saturated NaHCO. solution (50 mil) and extracted with 
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SE (25) 60m |) The combined ee extracts were washed 


with H,0 (2 x-60 ml) and evaporated to dryness. Toluene 
and EtOH were coevaporated from the residue several times 
to remove residual pyridine. 

The yellow amorphous solid was dissolved in 80% 
HOnce (s0emi)e and heated to l00°tor 25 min invansor le bath. 
The acid solution was diluted with H.0 Cl200md) sex e= 
racted with n-pentane (5 x 80 ml) and evaporated to dry- 
ness. Toluene was coevaporated several times to remove 
residual HOAc. The residue was crystallized from Et,0 
(n-pentane, desiccator) to give 0.222 g (54%) of 39. An 


additional 0.030 g (61%, total) of pure 39 was obtained 
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by application of the mother biguor tora sarltiGa. Zp atesiwhich 
was developed in MeOAc and the appropriate band eluted. 

This material had mp 182-184°; ie =5 569 9 Oc a0 ou) 
DMF); uv (MeOH : H.,0 Weed) maxe 220.62 59 ae (eu ScUG: 
[5,400), min 220, 242 nm (© V45200- 9500) uv “(MeOHeee aa! N 
HCI ll max 2 je 250mm (6. 16 e400. i700) mine 2 2 Oneo 2 
nm (€ 15,700; 10,100); uv (MeOH : 0.1 NEN SOS bso) renrax 


228, 259 nm (e€ 16,000; 14,900), min 242 nm (e€ 9000); nmr 


(DMSO-d,) 6 2.43 (s, 3, p-CH,), 3.11 (s, 3, OCH,), 3.51 
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9-(3-O0-Methy1-2-0-p-nitrobenzenesul fonyl-8-D-ribofuranosyl) - 


adenine (40) 


Vo ja stirred @solution of 05559 5(0..0009c mote) or 910 
(dried by evaporation using dry pyridine) in ~15 ml of dry 
pyridine, in an ice bath, was added 0.232 g (0.00105 mole) 
Of p-nitrobenzenesulfony! chloride with exclusion of mois=- 
ture. The reaction was stirred for 24 h at 2° and poured 


into a stirred mixture of cold saturated NaHCO (75 ml} 


3 
and Et,0 (70 ml). The organic layer was separated and the 
aqueous layer extracted with a further 60 ml of Et,Q. The 


Z 
combined organic layers were evaporated to dryness and co- 
evaporated using toluene (2 x 50 ml) to remove residual 
pyridine. 

The resulting yellow amorphous solid was dissolved 
in 80% aqueous HOAc (30 ml) and heated for 25 min at 100°. 
The solution was cooled and 30 ml of H,0 was added. The 
aqueous solution was extracted with n-pentane CH xe “600m! ) 
and evaporated to dryness. Residual acid was removed by 
coevaporation with toluene. Crystallization TO eS Or 
propanol-H,0 resulted | 0. sl Gt Lie eo Ep LOdUc tcc healt 


inated with a trace impurity. Recrystallizat ton ‘from tsoe- 


propanol - H0 resulted in 0. 25 leq (502) of puret 40: 
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This material had mp 236 - 238.5°; islae “99069 


(c 0279... DME) uv (MeOH: ; HO (ole o ll emax ioe Mp (eee. 300) 

mime222enms(e 700). suy (MeQHs: Os leNwHG1u 1129 emenees2 
nmetee21, 900) samin, 224 nm (a. 7000) 7 uy) Oa ONGHC hanax 

253 nm (€ 22,000), min 224 nm (€ 6900); nmr (DMSO-d¢) 6 
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ht 
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Hz, 1, H ). 7.28 (br s 2 6-NH,), 7.89 (d, J ortho-meta = 
ROM HZ 2s arOma tic apr O CONS) 08) 497m Oba O a Se Scemleele uc, Ho), 
SS (dc, J ortho-meta = 4.8, HZ. 25 aromatic wprotons): ms 
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Stability of 40 in base analogous with 41 and 44 
ents NON 6a ee ee eee 


A solution of 4.19 mg (0.009 mmole) of 40 in 25 


MimOwespect ral aqrade MeQh was prepared. Tor lO mile oOr stiles 
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solution was added 90 ml of H,0. The uv spectrum of this 
solution was determined using 2 ml giving A max of 251.5 

om) (8212000) A 2 ml portion of 5.0 N NaOH was added 
teojthe oniginal 98, ml)_of H0/Me0H (9:1) solution and 
againe2 ml of the now basic solution was) removed for a a 
determination. This uv spectrum had A max = 256 nm (¢€ 
24500) 2 A 9emlportion off theo 98 ml wbaswe stockesolution 
wasemirced with |.0)ml sof 2.0 N HCl = dhe uv ssipectrum of 
tismacidmsolution shad .max = 2560onne (eu25-3 00) cue lhe 
remaining 89 ml of basic stock solution was stirred for 
One5 hewi.th 2O0emisot Rexyn 10) cattonvexchange  iresin 
(pyridinium form) until the solution was pH=9.0 and the 
resin was filtered. The aqueous solution was evaporated 
to dryness and the residue applied to a silica gel plate. 
The plate was developed with MeOH : CHCI, (1:4) and the 
majyoraband which ran identical to 9-(3-O-methy l= S-D>ribo- 
furanosyl)adenine was removed. The mass spectrum of this 
material was identical to that of authentte 9-(3-0-methy1- 
B-D-ribofuranosy!)adenine. 


Amsimilan procedure on land 44) gave 3) Sande -0- 


methyl adenosine respectively. 


9- (2-0-Methyl-3-0-p-nitrobenzenesul fony!l-8-D-ribofuranosyl)- 
a ree re te ee eee 
adenine (41) 


To a stirred solution of 1 g (0.00193 mole) of 33 
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(dried by evaporation using dry pyridine) in ~20 ml of ary 
pyridine was added 0.5 g (0.00226 mole) of Pant trobenzene= 
sulfonyl chloride with exclusion of moisture. After 5 days 
Stinring, at 24% another ‘0.1 ig (0.00085 imo he) sor Peetgoe 
benzenesu!fonyl chloride was added. After Stisr ind vorsa 
further 24 h, the reaction was poured into saturated aquecus 
NaHCO, (100 ml) and extracted with Et,0 37 x e500 mi)jse ane 
combined organic extract was evaporated to dryness. Co- 
evaporation of toluene (2 x 60 ml) removed residual pyri- 
dine. 

The mesulting amorphous solid was dissolved in 807% 
aqueous HOAc. (50 ml) and heated for 45 min at 100° in an 
Om) ebath.) “ihestso lution, was cooled, H,0 (50 ml) and EtOH 
(20 ml) was added, and the aqueous solution was extracted 
with n-pentane (4 x 100 ml) and evaporated to dryness. 
Coevaporation several times with toluene removed residual 
HOAc. The residue was dissolved in 98% EtOH and adsorbed 
OneuOmgmot £5 wlicaugel... [his ¢powden gwas sapp lied gvo eine 
bopmoteatdry-packed silica gel column. (55x 27 semen 150 Gee 
The column was eluted with MeOH : CHCI, (Vie 2- 5) laine 
first 260 ml of eluate was discarded and the Tod lowing 350 
ml was evaporated to dryness and crystallized from 98% 


EtOH (n-pentane, desiccator). The crystallization re- 


Suited sinm0.55 9g °(394) of M1: 


ee a 
This pure material had ’mp 105-9 165555; [a] 5 


=6n 5 st cwle 4. s0MF); uv (MeOH=: H0 [1:9]) max 255 nm 
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(25255500)2" man 2224 nm (es 8000). avaN MeOH! © One Ne HoT 1a 94) 


axe Senin (eae 587 00) Semin. 2230" nme cb 100) 5B uvenCOen N HCI) 


max 255 nm ("268 00094 *mine224 pnme(es 7500)55 nme (DMSO-d) 6 
Bes SE OCH) ee os Annes ety Veer eye ae ots ye 
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Soe (nbn 2, eHe eat eH 5068 Ol (dee ee om 
fee, 13) SUDU(S here so NG) atO > Ione Smmiomiicearoe lid: Heh Hy , 
8229 (d{ JU meta-ortho’= 9.2 Hz, 2,-aromatic protons) , 8.50 
\dRed) meta-orthoe =" Jee Hz) 32) “airomatitc protons) > ms (205) 
m/e (some decomposition on probe (higher mass fragments) ) 
WOOF (0625 2M )e 436 (Onl 538e)s 435° (0.10), M-OCH,), oon 

(O40, w), 280° (3, W-SO,oNO,), 264 (2.5, M-OSO)gNO,){° 263 
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9- (2-0-p-Aminobenzenesul fony!-3-O0-methy1l-8-D-ribofuranosy | )- 


ee 


adenine (42) 


A solution of 0.25 g (0.00053 mole) of 40 in MeOH 
(40 ml), glacial HOAc (10 ml) and 5% Pd/C (0.05 g) was 
hydrogenated in a Paar shaker at 40 psi for 23 h. The 


reaction mixture was filtered through a small celite pad 


and then the celite pad was washed several times with MeOH. 
The solvent was evaporated from the filtrate and toluene 
and 98% EtOH were coevaporated several times to remove 
residual acid. A small amount of starting material remain- 
ed so the above procedure was repeated exactly. 

The residue was crystallized from acetone (ni=pen= 
tanene desiccatonm) to, give vat ter twoecrops: 0.21leq. (902). of 
42. Heavy spotting on TLC showed that this material con- 
tained a very small amount of starting material. 


Recrystallization from acetone (n-pentane, desicca- 


24 
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tor) gave pure 42 which had mp 245 - 247°C; [a] 45.6 


Ce>00 3, DME) uv (MeOH : H,0 (1739 | )enta xe 2.6 rime ee Ser O) 


min 229 nm (2 4500)> Uv (MeOH = 0.1 N HCI [1<9]) max 250 
nm (€ 21,900), min 230 nm (e€ 4300); uv (MeOH : 0.1 N NaOH 
eo )emax 2ol nm (e+23, 300) 9 min 229 nm Ce 4600). tiv. 

(Ore NsHCl \enax2 59.5 enmo(e 227, 600)ee mine 230 mm te 4000)" 
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SO 2) 5.5 Gs ta He OCH,), 28:0 2 ie M-SO,oNH,), 264 (4,M 
OSO,gNH,), POG m2) 240) 16.5) shane c-OSO,oNH,), 


232 (6.5, M-(OCH, + HOSO,gNH,)), 205 (13), 204 (25, y), 


3 
ZOE 2S peel e ea 0R (32 58 ie. yg os d-SO,pNH,), N73 


(18, y-0CH. ‘or/and HOSO,gNH,), 164 (57, h), 156 (100, 


3 


SO,¢NH,), 148 (9, £), 145 (7.5, 5-(OCH, + SO,pNH,)), 140 


3 
(7as5y, SOGNH,), SHE CIB SE eons rier MOS bes TGP ee eh) 2 


Anal. Cated for Cy 7Ho Nees: C46 Ocal ae Oe 


No 9. 26° 5S, 7.35." Found: ©, 46.850: HH, 4.652 N,2 19534: 
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9- (3-0-p-Aminobenzenesul fony1-2-0-methy1l-8-D-ribofurano- 


syl)adenine (43) 


A solution of 0.20 g (0.00042 mole) of 41 in MeOH (35 ml), 
glacial HOAc (10 ml ‘and 5% Pd/C (0.05 g) was hydrogenated 
in a Paar shaker at 40 psi for 48 h. The reaction mixture 
was filtered through a small celite pad and the celtite pad 
washed several times with MeOH. The filtrate was evapor- 
ated and toluene and EtOH were coevaporated several times 
to remove residual acid. An attempted crystallization 
trom 9oz ethanol resulted in discolouring of _the product, 
so the material was applied to two silica gel plates. The 
plates were developed in MeOH : CHCI, [129] “and the app roo- 
riate band eluted. The eluant was evaporated to dryness and 


CEystoliized fom acetone (n-pentane, desiccator) to give 


0.027 g of slightly contaminated 43. The mother liquor 
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contained pure product and was precipitated from acetone 
andy pentane to give 0.104 g (577) of pure 43. 


This chromatographically pure precipitate had mp 115 - 


eb aielalae 


Maxmzoounme (€627,400), anine22cunme (683700); euvauheOh ea 0.l 


= 505i) (cu0e 56, 80M) seuy AMeOHy H,0 [1:9] ) 


NOHE] ((1:9]) max 264. nm, (© 22,000), min 231 nm fe 4000); 
uv (MeOH : OP VEN GNaG@H Silo ))) smaxe266uinme(em275 900). main 
2? Cunt ee27 00) suve (Oa NeHC1) Gmaxe 263 enm(en 22-900) -amin 
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Coe eee ize |, ale Bo Wan Desa 2 og NU ec i,0 
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(br s, 2, NHJ), 7.60 (d, J ortho-meta = 8.8 Hz, 2, aromatic 
ortho protons), 8.14, 8.36 (s, 3; 1,1; H7, H°); ms (170°) 
m/e 436 (14, M), 280 (33, M-SO,gNH,), 264 (10, M-SO,ONH,), 
PASSO MO M-OSO,oNH,), Di Sih (Gly Staessen a rs M- (OCH, + 


OSO,ONH.)), 232 (4, M- (OCH, + HOSO,ONH,)) 223 cil eee 
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9- (3-O-Methyl-2-0-trifluoromethylsul fonyl-8-D-ribofuranosy1)- 
ee ee ee eee, Oe ne ee ey ee 
adenine (44). 


To a stirred solution of 0.5 g (0.00096 mole) of 18 
(dried by repeated evaporation using dry pyridine) in ~50 
ml of dry pyridine (under a flow of dry nitrogen and pro- 
tected by a drying tube) in a dry-ice and acetone bath at 
-35°, was injected 0.35 ml (~0.0024 mole) of trifluoro- 
methylsulfony! anhydride dropwise (over ~5 min). A pre- 
cipitate formed on addition of the anhydride and the solu- 
Fion turned yellow. “~The mixture was Stirred for 6 fh at 
<-70° and was then poured into a Stirred mixture of Et.0 


2 


(50 ml). The Et.0 


(50 ml) and saturated aqueous NaHCO 9 


3 


layer was separated and the aqueous layer extracted again 


with Et,0 (20 ml). The combined organic extracts were 


evaporated to dryness and coevaporated using toluene, 98% 


79 several times. 


The yellow residue was dissolved in 80% aqueous 


EtOnerand: fine live Et 


HOAc (30 ml) and heated at 100° for 15 min. The now pale 


yellow solution was cooled and diluted with H.0 (e3°O meni ds jie 


The resulting solution was extracted with n-pentane 
(4 x 100 ml) and evaporated to dryness. Again, coevapora- 
tion with toluene, H,0 and Et.0 several times effected 


removal of residual acid. The residue was stirred with 
MeOAc (50 ml), Et,0 (50 ml) and H,0 (50 ml) and the upper 
layer was separated and evaporated to dryness. This 


residue was dissolved in a small amount of CHC, and 
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applied to a siltea gel column (2.5 x 42 cm, 50 4), packed 
in CHC] ,. The column was eluted with MeOAc. After the 
fipnst 300 ml of feluate wast @iscardeds the next 200ml was 
collected jand evaporated to’ dryness "to give O14 g (347) of 


crude 44, This material was crystallized from Et,0 (n-pen- 


2 


vane, des fecaton—tomgrve int two icrops 009 ca (224) of 
pure crystalline 44. 
This material had mp 145 - 148° (with decomposition) ; 
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9-(2-0-Methyl-3-0-trifluoromethylsul fonyl-8-D-ribofurano- 
eee ee ee Oe PT A ee ee ee ee en eee 


syl)adenine (45). 


fowa vigorously stirred ‘solution of 1,09 (0.00192 
mole) of 37 (dried by repeated evaporation using dry 
pyridine) in ~50 ml of dry pyridine, in a dry-ice, acetone 
Datheait)<-25° 5 was added 120ml (0.0069 mole) sof trifJuoro— 
methylsulfonyl anhydride in 10 ml pyridine dropwise over 
15 min with exclusion of moisture. The resulting reddish 


yellow solution was stirred for 2.5 h at ~-25° ‘and poured 


into a stirred mixture of saturated aqueous NaHCO, (125 
Meeeard Et,0 (100m!) % The organic layer was separated 
and the aqueous layer diluted with 100 ml of H.O and 


2 


extracted again with 100 ml of Et,0. The combined yellow 


Deganic extracts were washed wi th H,0 (100 ml) evaporated 
to dryness, and coevaporated using toluene and CHOCl. 
several times to remove residual pyridine. 

The residue was dissolved in 90% aqueous trifluoro- 
acetic acid (15 ml) giving a reddish yellow solution. sho 
this solution was added H,0 (75 ml) and the solution 
fuinnedepimnkeIin COlOUr = and a precipitate, appeanredas sane 


pink solution was extracted with n=pentane (100 ml) and 


(3% 50 ml). The combined CHICI. extracts, were 


CHACl atl, 


2 
washed with saturated, aqueous NaHCO, (7 Saml)) =a he 


original aqueous solution was adjusted to pH 9 by addition 


of NaHCO,, diluted wi the lOO ml og; H.0 and extracted with 


CHCl, (2a [5omi jes All the CHCl, layers were combined, 
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washed with H.0 (50 ml) and evaporated to dryness. The 


residue was dissolved in a small amount of CHC] and applied 
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and eluted with MeOH : CHC I, (Vc 24 )e Atter the +t ivst 

180 mi of eluate was discarded. the next 90 ml of eluate 
was concentrated and the product precipitated by dropwise 
addition to n-pentane to give 0.127 g (16%) of pure 45. 
This material was quite unstable and decomposed slightly 
Over a period of weeks even when stored over Caso), atlas 
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Biproduct of 45 hydrolysis gave ms (150°) m/e 299 
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9- (2-0-Benzylsulfonyl-3-0-methyl-8-D-ribofuranosy! )aden- 


Ane (Gib) 


To a stirred solution of 0.3 g (0.00058 mole) of 
18 (dried by repeated evaporation using dry pyridine) in 
~20 ml of dry pyridine was added 0.12 g (0.00063 mole) of 
benzylsulfonyl chloride. This solution was stirred for 
0.5 h with exclusion of moisture and then was poured 
intowarstirned solution. Ofesaturatedmaqueous NaHCO, (100 ml) 
and GHeCl.. (100)m1). vihe CH{Cl-awasyseparated, washedswith 
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H,0 (50 ml); evaporated to dryness and the residue was 


coevaporated several times with toluene and CHoCl, LOaGgke 


move residual solvent. 
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The "estulting amorphous soliid was dissolved tn, 802 
aqueous HOAc (25 ml) and heated to reflux for 25 min. The 
reaction mixture was cooled, H.0 added (25 mt) and ithe 
aqueous Solution extracted with h-pentane (3 x /Saml) anne 
aqueous solution was evaporated to dryness and toluene was 
added and coevaporated several times to remove residual 
acid. The two reaction sequence proceeded quantitatively 
with no other products or starting material observable by 
TLOs The residue was “Yerystal lized! from vetoOHs, H.0 to 
Glitve sO NOGwg (752) ot 836 4in twomchops= 

The purified material had mp 135-145° (slowly softens 
24 


between these limits); [ol], 


(MeOH) max=260 nm (© 14,000), min 228 nmete-2700) -cuy 


=42 1% Skcw0.7 BF 4DM EI; Fav 


MeOH Ms SOs Ntl (le9 |) max 25 7205 me (earls, 000 amin 
229.5 nm (€ 3200); uv (MeOH : 0.1 N NaOH) max 260 nm 


(e"13'9700), "min 228 nm (e 1900)35 nmr (DMSO-d _) 693n42 


feueticoe LALO s(n Qeees eH 


= 


ee eae OCH,), 26 Oem ear 


be OP se 2eecHs |p Spd es (bras ele 5 0H) G52 bee 5 eae 


2 i 


Sai Omtzey © beet i mee) Os 21 ds PS, perce ara Gh 


w5 1-3! 1' =-2! 
1! 


fee 5a (seo manomatlc proton s)imy 25.00 (Drees mee, 6-NH,), 
Belo Ors bn (sysge leis He she) so msm6 0c) Omens 5a (6. 52a Me” 
iS Here), 2 Ou (2.55 M-OCH3), 3 HC Sew) Bao e alos ed 


ZBOW( 168 M-SO,CH,$), 2687 -(5) 26 2oue Glin M-0SO,CH,$), 262 


(2.5), 234 (45, c-0S0,CH,¢), 232 (10, M-(OCH, + HOSO,CH.$)), 


Der OMe Dyn 110) ped? O10 25 lee 21 Ba (ile5)), OBR Oma) eaeZ 02 


1s aD 


7 - uF 
- n 7 : 
#08 nd peat We 


. : 
ent 4 5% 30.7" a Pah: Moat 


re : me) be hs Th 


- 


mk ne itil 
be i 


; oe! Ae 
4 ita ; cb) Tena gneané " ital sad 903309 fa Aas Aes Re, 
- 1:3 7 Meh he of - 

one ‘ ney oF Waresendes a i ‘aot ute oa 
Vet ’ oi eset) vane Aes jb fa48 “re = eb 
S88 °OVG oh avObe,. dearierzst et 
} 4 t y 
¢fu200,, 4) » on oakee 10 e1purergcis 
; 7 
ne. ft i oH worl yeecifa sae ia! ars of alias > 
7. : Lv} : 
iors Gwilaisat a s2¥) c¢ JOL4 well 
a 
(woals: P iL-ag qe if > 5 |} i * i ns lot * an 
7 ae Pe (aa), 
AMG et 2g 3) io f4h- 7) i £4 > (ae a Tet yy 
j i r we is ie ) red f 
' , ft - : 4 Sem! it a ae 7 
y ¢ ¥ ts } 
. 1 o>) Goel) wn Gse ee 
‘ve 
© \ 4 


Hite : «/e te ee oe | ae eo “ah 2 
ie TQ). Sant wah) 2 2 hd at tee *: -_ Ss 
se eo ] Ke aad a8 


; seal Md BTL e ee, ie 


ae ai a or 


rah) le ey 


VSO 


cote ese y-OCH,), NO4sa CO ih) eel Ser G) sera teeny Gamo nme 
Om GhOO. mB ee 2H eunniss Soe 7 | ene ce Ha) 

Atel Ca hed: tor Ci gh, )Np0¢s: Gy 492645- Ho 426620 N- 
EOeO Gy EGpe goose Found: oC. NO SB ly 5 O42 UN oa 30.. 5 
7.44. 

9- (3-O0-Benzylsulfonyl-2-0-methyl-8-D-ribofuranosyl)aden- 


Sn 


re G3 fades 


Tot am@stiiired solution ot 403 mgr 0.00050) mole)s of a 
(dried by repeated evaporation using dry pyridine), in ™=20 
ml of dry pyridine was added 0.12 g (0.00063 mole) of 
Benzylsulfony!] chloride. This solution was stirred for 
20 min with exclusion of moisture and then was poured into 


saturated aqueous NaHCO (75 mi). This aqueous solution 


3 
was extracted with CHCl. (75 al) sand’ the: orcan tc extract 
was washed with HO (75 ml). The resulting solution was 
evporated to dryness and toluene coevaporated several 
times to remove residual pyridine. 

The resulting amorphous solid was dissolved in hot 
aqueous 80% HOAc (25 ml) and heated at 100° for 15 min in 
an oil bath. The acid solution was cooled and H,0 (25 ml) 
was added. The resulting aqueous solution was extracted 
with n-pentane (3 x 50 mi) and evaporated) to dryness. 
Toluene was coevaporated to remove residual acid. Again, 


both reactions proceeded quantitatively (except for a 


trace amount of remaining starting material) by TLC. The 
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residue was dissolved in CHoCI. (75 ml) and washed with 
H,0 (2s SOlmd:) oe othe CHCl, was dried with anhydrous 
Na,S0,, and evaporated to dryness. The residue was dis- 
solved in ~1 ml of hot 95% EtOH cooled slightly and 60 
mi of Et.0 added rapidly while scratching the flask. 
Crystals rapidly formed and gave.0.1/77 g—-(70%)--of pure 
oun 
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This material had mp 99-101°; [a] =68.5° (¢ 0.59, 
DMF); uv (MeOH) max 260 nm {€ 15,300) min 228 nm (€ 3500); 
uv (MeOH 20.1 N HCT [129]) max 257-5 nm (€ 15,500), min 
229-5 nm (€ 3800); uv (MeOH: 0.1 N NaOH [1.9]) max 259.5 
nm (€ 15,600), min 226 nm (€ 2200); nmr (DMSO-d¢) 6 3.33 
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Preparation of 9- (3-0-Benzyl-8-D-ribofuranosy!) adenine 
(46) and o- (2-0-Benzyl-6-D-ribofuranosyl)adenine (47) 
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These compounds were prepared from adenosine by the 
method of Christensen and Broom ke using phenyldiazome- 
thane and stannous chloride. 

Compound 46 was crystallized from acetone to give a 
Metegiatiwhich had imp 198. 5a- 199852 8uv 660.1 N IHC) max 


256 nm (€ 14,900) min 229 nm (€ 3900); nmr (DMSO-d >) 6 
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The compound 47 was crystallized from acetone to give 
a material which had mp 192-195°; uv (0.1 N HCI) max 258 nm 
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g- (2-0-p-Methoxyphenylacetyl-3-0-methyl-B-D-ribofuranosyl) 
adenine (48). 

To a stirred solution of 0.285 g (0.0017 mole) of p- 
methoxyphenylacetic acid in 5 ml of dry EtOAc, was added 
0.45 g (0.0022 mole) of N,N'-dicyclohexylcarbodiimide. 
This solution was stirred with exclusion of moisture at 
2h° “for | h giving a white precipitate. “The solution was 


filtered into a stirred solution containing 0.3 9 (0.00058 
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mole) of 18 in dry EtOAc (5 ml) and CHoCI. (5\ml). The 
fihter tlaskiiwas keptiat 15° in anwice bath with exciu- 
Shoneor mintune. §Nol2'-Q-acylation “had oceurred atter 

Se Wit haan Gc) and so 0..050) g (OL 0004 sno le) tof Ne aN aia te 
methylaminopyridine was added. After a further 5 min 
therireaction was complete (TLC). The mixtdreswas filtered 
and the dicyclohexyl urea filter cake was washed with more 
EtOAc. The resulting clear organic solution was washed 


with seturnated faguecus NaHCO, (30 ml) H.0 (2% 30 ml) 


3 7 


and evaporated to dryness. Acetone was added and coevap- 


Orated several times to remove residual H,0 and CHACI 


was added. The CHCl, solution was evaporated to a volume 
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Offa 29m! taind the product. was precipitated “by additron, to 
n-pentane (100 ml). 

The precipitate was filtered and dissolved in 30 ml 
of hot 80% aqueous HOAc. The resulting solution was 
Stinived tomes minsat 100" lin anol bath. | Thevsolution 
was cooled, 30 mi of H,0 added and the resulting aqueous 
solution extracted with n-pentane (3 x 50 ml). The 
aqueous solution was evaporated to dryness. Toluene and 
98% EtOH were added and coevaporated several times to 
remove residual acid. 

The residue was crystallized from EtOH and H,0 to 
give 0.20 g (81%) of pure 48 in two crops. 


Hhisematerialehad mp. t= 16300: [alo “180 (eo 02768 


DMF); uv (MeOH : HO [1:9]) max 260.5 nm (et 455 00).) min 
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236 nm (€ 8300) sh ~227 nm (€ 9000); nmr are So 


Seok OCH,), SOS i san H We. CH Soi WS smear 


Bs 305 


9)» 
’ 5.49 (br 35 ings 5'-0H), 5.78 


' a 
ge ot eit Syn sey = Did HZ, Um H Bas Or ati/ (d, ying: = 
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pooetz5. l, He), 65/9 (de J ortho-mete =| Gee Hew aromatic 


OCH,), ee 7 nee ny 


EEOLONS )c, 97. b00 (da J ortho-meta = 8.8 Hz, aromatic protons), 


Vie Om DY (Si a2 6-NH,), Or Ores OMe sees earls one ms 


Ciera m7 emt 20a NG ae 399 = leo nome) rmeso Oe Ouia M-OCH,), 


Sib Om G2o.5 eG) ms ZOOS Cee On Oe) eee ana M-COCH, 


DCH eee Z 00 Glen> ig dl). m2 oo Ge c-OCOCH, $0CH he fale Ul s se 


3 
M- (OCH 
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+ OCOCH.$0CH - + 7H. 0 
3 gP0CH,)), 232 (2, M-(OCH, + HOCOCH,G0CH,)), 


P22 LOH N35 5 icy Joe e202 1655) ,e oO Gl) ey One Go) 


Wii / om 2y, d-COCH,$0CH,), fice tee, y-OCH,), 166 (1.5, HOCCCH, 


OcH,), GAS (lige )ee a) 40) (1-00 tires lege (26 6 Daten? Hireeals 5 


(1405, B + HU). 


Analercalcd. Otc Oy 55-04: He Sato: NG 


50 23°56 
Homo eePounde C55 01: Ueto ee Ole 


9- (2-0-p-Methoxybenzoy!l-3-0-methyl-8-D-ribofuranosyl!)- 


ee 


adenine (50). 

To a stirred solution of 0.262 g (0.0017 mole) of 
p-methoxybenzoic acid, in LO ml of dry ErOAc, was “added 
0.369 (0.00175 mole) of N,N'-dicyclohexylcarbodiimide. 
This solution was stirred With exclusion of molstuUne at 


2b°e for. 1e5 h and then filtered into jams tinned solution 


containing 0.3 g (0.00058 mole) of 18 in dry EtOAc (20 mt) 
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and CHCl, (2 ml) and 0.05 g (0.0004 mole) of Woh sNwed j= 
methylaminopyridine. This solution was stirred for 1.5 
days and another 0.1 g (020008 mole) sof dimethylaminopyri- 
dine was added. ALtem sti kning tormeanother 325 days, the 
reaction was poured into 75 ml of saturated aqueous NaHCO 


5) 
and extracted with CHOCI, (75 im1)% Theses a layer was 


Zz 

washed with H,0 (50 ml) containing some salt and evaporated 
fo cryness. This residtie was dissolved in a smahlevolume 
(Gomi) of CHiCl,, filtered and then precipitated by addi- 
tion to n-pentane (100 ml). 

The precipitate was dissolved in 25 ml of hot (aqueous) 
80% HOAc. This solution was heated at 100° ‘for 15 min in 
an oil bath. The solution was cooled and 30 ml of HO 
added. The “aqueous ‘layer was extracted with n-pentane 
(33x>75> ml)ifand evaporated to dryness. Toluene was added 
and coevaporated to remove residual acid. The residue was 
(47%) of 


Crystallized trom EtOH and HO to dive 0.1 


O 


Zz 


pure 50. The mother liquor was purified by application 
to a silica gel column and elution with MeOAc to give a 


ee 0.033 g- Total yield of 50, 0.143 g (672). 
° 24 ° 
This material had mp 195-196°; bee es Bee Feed Cot 


0.56, DMF); uv (MeOH : HA0 [ole max 2e2enm (e990 .000)% 


mim) 227.5 nm (e 3700); nmr (DMSO-d/)% 0 3.36 (55/03, OcH,), 
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COPOCH, and/or wi) wee HOmGO. 4) pe 2oR w(t M-OCOGOCH,), 234 


Come c-OCOP0CH,), 233 (0.3 M-(OCH. + OCOPOCH,)), 239 
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(9.55, M-(OCH. + HOCOSOCH,)), 2209 W0s2 5) 20 se ye eo? 
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2S) et 90, MOUS ei) 5) 177 WO a7 ad - GOOOCH sisasli cance y-OCH,), 
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Woe Sh) oP iG2 C6F4) 481524 (2 8" sHOCOCOGHH) elbow 245. fr 
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T4509 (045, w-COPOCH,), W3iGy (2.0756 22H) les 5a G0 O eee antl gs 
Anal. Galcd for Cy gy Ne%: Cae 4D speuahien be 10s 
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9-(3-0-p-Methoxyphenylacetyl-2-0-methyl-8-D-ribofuranosyl1- 


adenine (49). 


—__ 


To a stirred solution of 0:38 g (020023 mole) of 
p-methoxyphenylacidic acid in 5 ml of dry EtOAc was added 
0.6 g (0.0029 mole) of N,N'-dicyctohexylcarbodiimide with 
exclusion of moisture. This solution was stirred at 24° 
for 1 h giving a white precipitate. The mixture was 
filtered into a stirred solution containing 0.3 g (0.00058 
moje)mof 33 and 0.05 g (0.0004 mole) of 4-N,N'-dimethyl- 
aminopyridine in 5 ml of dry EtOAc. The reaction was 
stirred for 5 min and filtered. The dicyclohexylurea 


precipitate was washed with saturated aqueous NaHCO, 


(30° ml) and H,0 (2 x 30 ml). The organic layer was then 
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evaporated to dryness and acetone was added and coevapor- 
ated several times to remove residual H,0. The residue 
Was = taken ip jine~ 2, ml CHLCI, and precipitated by addition 
to n-pentane (100 ml). 

The precipitate was filtered and dissolved in 30 ml 
of hot aqueous 80% HOAc. This solution was heated for 15 
min at 100° in an of] bath. The reaction was cooled and 
30S mot H,0 added. The aqueous solution was extracted 
with Ne-pentane (3x 75 ml )i-and evaporated to dryness. 
Toluene was added and coevaporated several times to remove 
residual acid. The residue, itn a small amount of CHA CI,» 
was applied to an alumina column (1.5 x 27 cm, 30 g) wet 
packed in CHACI,. The column was eluted with MeQH : CHA CT. 
(BEI97)m VATter the first 250 ml of eluate was discarded. 
the next 250 ml was evaporated to dryness to give 0.2 q 


(80%) of pure 49. This residue was "crystallized" from 


Et,0 to give in two crops 0.122 g (49%) of Ag. 


Z 
This matertal had mp 152 = 156. ; [a] 2" Os La ot 
0.68,DMF); uv (MeOH : H.O [1:9]) max 260 nm (¢e 15,200), 


2 
Minwe2s7e nm ce. 7400) sh ~227 nm (639500). nmr (DMSO-d¢) 6 
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arOnattcmp rotons). —)..3 7 (br «msn? s 6-NH,), 6.4 16 ora Ese 
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OCH,), NOG (ss HOCOCH,¢0CH,), ROAM (33 nee  Iro Zen eS ee eS 
KORE ee) 648 15 2 £6 (3.5,s-COCH,g0CH,), 136 (100, 
Bae 2H) 5 (S42 Bead 
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9-(3-0-p-Methoxybenzoy1-2-9-methyl-8-D-ribofuranosyl)ade- 


Gajess (51g) 


Loma istier redysolution Of 0935 gim(0.0024 mole)sof. p= 
methoxybenzoic acid in 10 ml of dry EtOAc was added 0.48 gq 
(0.0024 mole) of N,N'-dicyclohexylcarbodiimide with ex- 
eluston of Moisture. This solution was stirred at 24> ‘for 
the and filtered into a Stirred solution -contadmn ing: 0-599 
(0.00058 mole) of 4-N,N-dimethylaminopyridine. This solu- 
Clonuwasesiirred or 7 days and) tnlbered.an sihe multetmcake 
was washed with EtOAc and the combined EtOAc solution was 
washed with saturated aqueous NaHCO, ( 50 ml) and H,0 con- 
Dan nancies omeuts.a it 62) x On mie The EtOAc solution was 
evaporated to dryness, dissolved in a smal] amount of 


CHOCI, (~5 ml) and precipitated by addition to n-pentane 
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The precipitate was dissolved in 25 ml of hot, aqueous 
g0¢ HOAc “and theated for 15 min at 100° in an -ofl bath. the 
reaction was then cooled and 25 ml of H,0 added. The aqueous 
solution was extracted with n-pentane (3 x 50 ml) and evapor- 
ated to dryness. Toluene was added and coevaporated several 
times to remove residual acid. The residue was dissolved in 
a small amount of MeOAc and applied to a silica gel column 
(2.6 x 20 cm, 30 g) packed in MeOAc. ‘The column was eluted 
with MeOAc. After the first 280 ml ‘of eluate was discarded, 
the next 330 ml was collected and evaporated to dryness to 
Gu Men0..ul.23enG 40012,) BOterCGUdcias lean titdisiacrude material, con- 


taining small amounts of impurities,was applied to a silica 


gel plate, developed three times in MeOAc and the appro- 


priate band eluted. The residue was crystallized from EtOH 
and H,0 to give 0.07 g (33:4) of pumge #51: 
hhisematertalehademps 99 = 72004. [a] 2" MAES velb (c 
0.33, DMF); uv (MeOH : H,O [1:9]}) max 261 “ (628290 0))p. 
min 227.5 nm (€ 4000); nmr (DMSO-d,) 53.24 (s, 3, OCH), 
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280 (3.5 M-COOOCH,), 270e (0.5) 4 2640 woe M-OCOSOCH, 


OPE M- (OCH, + CooocH,)), 234 (35 ona ae 2398 2e Me OCH eet 


OCOPOCH,)), 23.2 (0. 54./M=.0CH <4 HOCOPOCH,)), 202 abe) eels oe 


) ae 


3 
ope rail / aula) peal OukGl ped Ser Glee dla cur liase y~OCH,), 


Lore ye Sah) no O2e.( On final be (6p HOCOGOCH 148 (5, f), 146 


3)» 
Ge S-COGOCH,), EBS (0.3. w-COPOCH,), 13.60 463 | eee 2H) 
13 5a (100, 8a+. 4). 
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Product (54) of treatment of 9-(B-D-xylofuranosy!)adenine 


(58) with SOCI, in HMPA 


The procedure described by Hogenkamp for preparation 
of 5'-deoxy-5'-chloro-ara-adenosine [9-(5-chloro-5-deoxy-f- 


33 


D-arabinofuranosyl) adenine] was followed. 

To raestirred solution of 022 min0.0020" mole) or 
SOCT, in 2 ml of hexamethylphosphoramide (HMPA) was added 
O-2eq, (0, 00075#mole) of 585) Thexsolutiongwastetimtedetor 
i220 at. 245 sand 4Aomileot HO was added. The resulting 
souution was applied to a column of Amberlite I[R-120 (Hi) 
(i 5x esl. 0 -em):. The column was washed with 300 mi of H,0 
and the nucleosidic material was eluted with 0.! N NH, 
(aqueous). The ammoniacal solution was concentrated to 
~hQO ml and extracted with CHCI. (3 x 50 ml) to remove 


residual HMPA. The aqueous layer was evaporated to dryness 


and 98% EtOH was added and coevaporated (2 x 20 ml) to 
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remove residual H,0. The residue was dissolved in a small 
amount of H,0 and EtOHVand applied to twoesilica gel aplates. 
The plates were developed in SSE solvent. The upper band 
(lower band was starting material) was eluted and evapor- 
ated to dryness to give 0.03 g (14%) of a product (54). 

This product had mass spectrum (Calcd for 
Pie alee sonal: 265.0629 Found 205.0639) em/euec5 (0. 5.0m). 
250 (64, M-C1l), 249 (2, M-HC1), 236 (2, M-CH,C1), ya wie GIP 
Math HO) lee (beet) emo 32 ced) Pole Olah) las 
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Hydrolysis of 2'-0-Mesy! (4)-at Initial Concentration of 2.46 x 107M 


Using Method A 


Time % of 34 k' x 10°, ect 
Min _ Remaining es, 

0 100 “ 
60 §6.8 3297) 
120 77-5 350 
180 72.4 2599 
240 65.1 2299 
300 ys Ff 2.87 
360 Sone PAIS 
420 43.9 2574 
480 4S. Zeid 
660 34.8 2.66 
1380 t253 2755 
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163. 


Hydrolysis of 2 -0-Mesy | (34) at Initial Concentration of BSE Kt Maps M 


Using Method 8B 


Time % of 34 KO M02 y sec © 
Min remaining 

0 100 - 

60 90.1 2.88 

118 6323 2.57 

190 73.0 Zot 7 

241 67.1 2.76 

300 61.3 2.71 

1357 13.1 2.49 

1411 11.5 2.56 
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164. 


Hydrolysis of 2 =Osherny| (32) at Initial Concentration of 2.47 x10 7M 


Using Method B 


Time % of 32 k' x 10°, sec | 
min. remaining 
) 109 = 
j 83.4 299 
2 W523 261 
5 61.1 274 
k 53.5 260 
5 47.3 252 
7 35.1 249 
9 75 (3 253 
11.5 18.2 247 
14 14.3 231 


k' = 258 (+ 13)'x 1077 sec | 
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Hydrolysis of 2'-O-Methyl (32) at Initial Concentration of 2.49x10 7M 


Using Method B 


Time Boa 2 k' x 10°, sec | 
Min remaining 
4 109 - 
i 86.3 246 
2 74.1 249 
3 63.6 251 
\ 54.4 253 
6 46.6 212 
8 gle 243 
10 2222 251 
12 16.6 249 


kil 2k (+9) x 100 sec. 
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Hydrolysis of 3'-O-Methyl (17) at Initial Concentration of 2.49x10-°M 


Using Method B 


Time e208 7, k' x 10°, sae! 
Te remaining 
0 100 2 
25 88.2 422 
135 64.8 464 
ZI5 50.6 456 
3.5 38.9 450 
4.5 30.8 437 
G45 23i..1 kh 
635 WAS 4h3 
9.0 1220 393 
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167. 


Hydrolysis of 3 <U-Metnyi (17) at Initial Concentration of 2.50x 10 -M 


Using Method B 


Time 4 of 17 k* x 10°, sec! 
min remaining 

0 100 2 

Je 86.4 48k 
5 66.8 450 
2.5 47.1 501 
S22 38.7 450 
4S 31.1 432 
5-3 2256 4L8 
6.5 Wo 46 
WED 1323 448 
8.5 11.4 427 


k= 454 (4 17) x 10° sec | 
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168. 


<4 
Hydrolysis of 2'-0-Benzyl (47) at Initial Concentration of 2.48x10 M 


a 


Using Method B 


lige % of 47 KNX 10°, Seca 
remaining 
0 100 “2 
Fao 84 189 
fe 68 160 
9 40.6 165 
14 26.6 1S/ 
19 (726 152 
24 Shosy4 160 


k' = 164 (+ 9) x fore eee 
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169. 


Hydrolysis of 2'-0-Benzyl (47) at Initial Concentration of 2.50x 10 °M 


SS 


Using Method B 


Time % of 47 ki x Losysecut 
ee remaining 
0 100 - 
2 83.0 154 
\ 70.7 14h 
6 557 162 
8 48.6 150 
10 Chel 162 
12 29.7 169 
14 ey 174 
17 17.83 169 
21 13.33 160 
23 11.360 158 


Kio, 1600 (8) ex 10>? sec 
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Hydrolysis of 3'-0-Benzyl (46) at Initial Concentration of 2.45x10 7M 


Using Method 8B 


Time % of 46 k' x ter ee 
ian. remaining 

0 100 

1 82.3 319 

3 59-0 292 

5 42.0 289 

7 33.3 262 

9 24.1 264 

His 14.2 233 

14 1GezZ 272 


klime 263 +15) ox 10 amsec 
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Hydrolysis of 3'-O0-Benzy! (46) at Initial Concentration of 2.45x 107M 


Using Method B 


Time % of 46 Ka x ee sae 

_— remaining 
0 100 | < 
1 84.5 280 
2 Sp) 274 
3 DI.) 288 
h 55.6 245 
5 47.5 249 
7 200 303 
g 2h 283 
im 15.1 266 
13 10.8 | 286 


k' = 277 (+11) x10 ? sec 
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Hydrolysis of 2'-O0-Tosyl (38) at Initial Concentration of 2.48 x10 7M 


a a 2 A 


Using Method A 


Time % of 38 kt x 10°, sec | 
min ae 
remaining 

0 190 = 
120 92.9 1.02 
210 86.9 1.13 
420 74.5 1.17 
430 73.6 1.19 
1140 h7.7 1.08 
1560 36.1 1.09 
1830 32.2 1.03 
2610 17.4 ie fz 
2700 17.3 1.08 


5) =| 


k' = 1.10 (+0.05) x 107 sec 
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Hydrolysis of 2'-0-Tosyl (38) at Initial Concentration 2.50x 107M 


Using Method A 


Time % of 38 k' x 10°, sec! 

ssh remaining 
0 190 2 
360 81.4 0.96 
B75 80.0 0.99 
1560 38.9 1.01 
1590 36.2 1.07 
2760 1539 st 
2/15 16.2 1.09 
2805 16.4 1.08 
2835 16.3 1507 
2840 16.1 eee 

Kk" = 1,05 (46c0!) x 10” sec 
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174. 


Hydrolysis of 3'-0-Tosyl (39) at Initial Concentration of 2.49x10 7M 


Using Method A 


Time % of 39 Kix Poeesenee 
Te remaining 

0 100 - 
60 85.3 448 
120 74.3 4.09 
180 65.0 3.99 
240 59.1 3.65 
310 52.2 3.49 
330 48.2 3.69 
675 i3.8 4.13 
695 i726 b.16 
725 2022 3.68 


k' = 3.93 (+0.25) x 10 7 sec” 
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Hydrolysis of 3'-0-Tosy] (39) at Initial Concentration of 2.52 1p iH 
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Using Method A 


Time % of 39 k' x 10°,sec | 
min <i e 
ae remaining 
0 100 - 
60 86.9 3.90 
120 77.4 3.55 
240 57.4 3.84 
360 47.8 3.42 
480 32.7 3.38 
1A4o 2.5 4.26 


kt = 73.01) (40°22) x10 sec 
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Hydrolysis of 2'-0-Besy! (36) at Initial Concentration of 2 BInclolam 
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Sr 


Using Method B 


Time % of 36 k' % fo° 8 gece 
ia remaining 
0 100 - 

170 83.3 1.76 
240 70.5 1.86 
300 Zar Ley 
360 EY 1267 
420 62-7 1.88 
480 62.2 1.65 
600 54.3 1.70 
725 47.5 lay! 
1530 | 1.53 
1565 23.4 1.55 
1635 20.0 1.64 
1675 23.0 1.46 


ki s= 1.68" (+0). 10) x 10"? aces 
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Hydrolysis of 2'-0-Besy| (36) at Initial Concentration of 2.49x 107M 


ES 


Using Method B 


ype % of 36 puree Geacees 
- remaining 

Q 100 : 
60 93.3 1.92 
165 83.3 1.83 
195 81.5 1.75 
255 76.7 1.73 
310 72.6 72 
580 50.8 1.95 
600 53.2 1.75 
820 AY. 1.81 
840 41.8 ok 
1530 BS 1.64 
1560 fh 1.65 


al = 
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Hydrolysis of 3'-0-Besyl (37) at Initial Concentration of ya eae M 
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Using Method B 


Time % of Bul Kix 10°, ace. 
min remaining 
0 100 = 

30 Urs 5.62 
60 83.1 5.18 
90 74.6 5.42 
125 66.8 5-3) 
155 61.0 52 
180 56.0 Spey 
210 48.9 yey 
250 Kh | 5.45 
300 opine 5.40 
320 34.6 5t53 
540 19.4 5.07 
570 1557 5.4 
810 8.96 4.95 


kt = §.37 (40.14) x 10. 
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Hydrolysis of 3'-0-Besyl (37) at Initial Concentration of 2.48 x10 7M 


Using Method B 


Time % of 37 Kins 10°, ape 
utes remaining 

0 100 = 
60 82.2 5.44 
90 74.6 5.42 
120 66.3 5.69 
150 62.2 B27 
180 56.9 5.22 
210 49.5 5.57 
240 5.5 5.47 
270 39.4 5.74 
300 4Y.9 4.84 
420 26.6 5.26 
540 U5 15) 5.08 


k' = 5.36 (+0.21) x 10° sec 
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Hydrolysis of 2'-O-Nisyl (40) at Initial Concentration of 2.53 x10 7M 


a 


Using Method A 


Time % of 40 i ex hee. 
min remaining 
9) 109 = 
120 87.3 1.86 
180 84.2 1.60 
4O5 80.1 0.92 
1170 50.9 0.96 
1200 53.8 0.86 
1230 yhs 5 0.90 
1380 46.6 -92 
1545 42.6 92 
1800 36.2 94 
1815 a586 94 
2730 I 5 9] 
2970 aay 85 
5 = 


Rie 1.05 (0.21) x 10 ~ see 


ee ee aed a 


‘ 
a* GPx FASS Fo noi test: sa09 eine ge). pe 6 tei ad) 


Ae ee 


ts 4 .y 7 
Boa rem, cutev 


Upxts 3 


oat r, tad 


o>! 


ol x (i8,oujeo. 


ye 


parma 


‘ie 7 


the 


181. 


Hydrolysis of 2'-0-Nisy! (40) at Initial Concentration of 2.47 x10 7M 


Using Method A 


Time % of 4o i 10°, gc! 
ue remaining 
0 100 3 
570 76.2 0°79 
585 68.8 1.06 
1410 51.8 0.78 
1440 51.7 0.77 
1470 4h 8 0.91 
1740 43.0 0.3] 
1755 Sot 0.94 
2959 220 0.84 
2965 22.4 0.84 
See 


k' = .86 (+ 0.07) x 107 sec 
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Hydrolysis of 3'-O-Nisyl (41) at Initial Concentration of 2.47 x10 7M 


a eee 


Using Method A 


Time % of Al et xis cece 
ee remaining 
0 100 - 

60 89.1 3.13 
120 76.9 3.65 
180 71.6 3.09 
245 62.7 3.18 
300 55.9 72 
360 53.2 2.91 
420 hh .7 3.20 
460 4O.5 3.27 
700 29.1 2.94 
720 26.6 3.07 


k' = 3.17 (40.14) x In sae! 
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Hydrolysis of 3'-O-Nisyl (41) at Initial Concentration of 2.46 x10 7M 


aa a eee nnn nnn eee 


Using Method A 


Time | % of Al Pal set Wipeae esr 
min a. 
remaining 
0 100 : 

130 82.4 2.42 
210 68.9 2.96 
a5 Sie 3.46 
cee 50.1 S007 
390 50.4 2.93 
LOS 46.6 3enl5 
465 yk 326 
660 28.0 3.22 
675 27a B3 23 
690 25.4 3.32 
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Hydrolysis of 2'-0-Aminosy| (42) at Initial Concentration of 2.49x10 7M 


Using Method A 


Time 4 of 42 ki x 10°, See 
ae remaining 
0 100 = 

140 8977 15.29 
300 1deA 1.46 
350 7328 1.45 
570 F123 125) 
395 7037 1.47 
600 58.9 1.46 
620 6127 1.29 
1420 24.2 1.67 
1450 Zico 175 
1500 2159 1.69 
1570 7a? 1.84 
1700 ional 1.68 
DAES) ie V/ 1.74 
1785 iSe7 res) 
2985 4 ok 73 
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Hydrolysis of 2'-0-Aminosyl (42) at Initial Concentration ii) sili M 


SSS a SE 


Using Method A 


Time % of 38 ki x 10°, Sec 


remaining 


a) 100 = 

130 84.7 1.54 
345 77.4 23 
1140 31.5 1.69 
1380 27750 1.58 
1440 25.8 Te57 
1500 ie! 1.58 
1770 20.6 1.49 
1785 0 leo 


k' = 1.53 (40.08) x 10° sec | 
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Hydrolysis of 3'-0-Aminosyl (43) at Initial Concentration of 2.48 x10 °M 


err a eter ets ener nat sciences oes oases soca ase OES Sao SUEE TEESE, 


Using Method A 


Time % of 43 pe Tacs eee! 
me remaining 
0 100 - 
100 76.0 4.57 
120 Tle? 4.70 
150 66.7 4.50 
180 60.2 4.65 
240 50.5 4.75 
285 45.8 4.57 
300 KL. O 4.54 
360 36.9 4.60 
575 21, 7, 4 43 
580 19.1 ire 
5 -] 


k' = 4.61 (+0.09) x 10? sec 
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Hydrolysis of 3'-O-Aminosy! (43) at Initial Concentration of 2.48 x10 °M 
te aa ee oe OOP On On ee ee eee eee 


Using Method A 


Time % of 43 k' x 10°, sec! 
i remaining 
0 100 - 
120 67.6 5.44 
150 67.2 443 
180 58.0 B05 
240 49.0 4.94 
320 42.5 446 
330 38.6 4.80 
350 37.2 4.70 
390 31.8 4.89 
435 29.3 4.70 
450 28.4 4.66 
500 25 a2 4.59 
530 2370 4.52 
540 Es 4.66 
545 23.0 4.50 
5 ~ 
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Hydrolysis of 2' Triflate (44) at Initial Concentration of 2.49x10 7M 


LE 


Using Method A 


Time % % % 
a (44) biproduct Adenine 
0 100 0 0 
2.5 95.4 V9 2.8 
5 88.3 4.2 7.5 
10 78.2 8.2 13.6 
15 68.5 Lies 20.1 
20 5929 1223 2725 
25 53.6 12.9 33.6 
30 48.1 12.5 39.4 
35 42.1 14.7 43.2 
40 3/29 1329 48.3 
50 29.1 13.1 57.8 
60 29.4 ey 64.9 
80 15.3 9.1 75.6 
100 12.1 hg 80.2 
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Hydrolysis of 3' Triflate (45) at Initial Concentration of 2.48x 107M 


ee 


Using Method A 


Time . % 
min (45) biproduct Adenine 
0 109 0 0 
l 76.9 10.0 1331 
2 63.5 14.8 Ld 
3 49.0 20.8 3023 
4 ho. 4 2355 36.1 
6 295.9 26.8 45.3 
8 19.6 2953 51.1 
10 16.2 Sl 52 i 
gs 10.0 Syl) 59.0 


mi it pores, U is “4 ’ “ae a ii. 
i Ni 
“ay i ciuaineas rm. 


’ y oe — ea ow l 
(ry all ¥ . T, iy ty 
4 i ay ry 7 
, =F [ 7 7 


\ peciel pei 


a 
‘ 


Sey a BY r: Yo siolgandeesinay inlatat 3 


neg omen or 


ee oe ee 


; g a CEA | | - Ps 
AnVL ps A jouboaqid : v (218) 


en rs 


Soh 


Mobility of Sugar Substituted Adenosine Derivatives 


Abbreviated 
Name 

2° -=0=Nethy.| 

Beaoetletiy:| 

2 -O-Benzy | 

gO abenzy 


2e-O-Mesyil 
3° 0-Mesy! 
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Pom maint wate 
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2'-0-Aminosy!} 
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Biproduct 


Zeal al ae 
Biproduct 


Adenine 


Sitraniii1c acid 


Compound 


Number 
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PS 


TPA/H,O0/NH 
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